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TITLE OF THE INVENTION 
NOVEL G PROTEINS, POLYNUCLEOTIDE ENCODING THE SAME AND 
UTILIZATION THEREOF 

BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a novel G protein 
having an ability of amplifying a signal transduction 
generated by a receptor upon binding to a natural ligand 
such as amine, peptide, hormone, autacoid, neurotransmitter 
and the like, as well as a polynucleotide encoding the same. 
The invention also relates to a method for screening for a 
substance which regulates the cellular signal transduction 
mediated by this novel G protein, and the like. 
Description of the Background Art 

A G protein is an important mediator in a signal 
transduction. Thus, the G protein serves as a transmitter 
which transport, into a cell, a stimulation signal received 
by a G protein-coupled receptor (hereinafter sometimes 
abbreviated as GPCR) which is a seven transmembrane 
receptor. A GPCR is expressed in a wide variety of tissues, 
and this signal transduction system was proven to be 
involved in regulation of a wide variety of cellular 
functions such as hormone reception, neurotransmission, 
cell proliferation and differentiation and the like (GENDAI 
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KAGAKU ZOKAN 34, 61 to70, 1997). 

More specifically, a G protein is a heterotrimer 
formed from a subunit which binds to GTP, (5 subunit and y 
subunit. When a GPCR on a cell membrane surface binds to a 
ligand such as a hormone or neurotransmitter , the GPCR is 
activated and its signal is transmitted to a G protein. In 
the G protein to which the signal has been transmitted, a 
GDP is released from the inactive form in which a GDP was 
bound once to the a subunit, and a GTP is then bound 
instead, whereby converting into an active form. 

The active G protein is released from the GPCR while 
dissociating into a GTP-binding a subunit and py subunits. 
The active G protein promotes or inhibits its target 
effector such as adenylate cyclase, Ca 2+ channel, K + channel, 
phospholipase CP and the like, whereby regulating a. variety 
of the cellular functions. A mammalian G protein a subunit 
may for example be Gi, Go, Gq, Gt and the like. Typically, 
a G protein a subunit is classified into any of 4 types, 
namely, the type which promotes the activity of 'an 
adenylate cyclase, the type which inhibits the activity of 
an adenylate cyclase, the type which promotes the activity 
, of a phospholipase and the type which transmits a signal to 
a Rho. 

A GTP which has been bound to an a subunit of an 
active G protein is converted into a GDP by the GTPase 



effect possessed by the a subunit, resulting in the 
recovery of an inactive form ("Signal Dentatsu", p. 17-30,. 
Nov. 1, 2001, KYORITSU SHUPPANSHA) . 

GPCR genes and its gene products and GPCR signal 
transduction pathway-related genes and its gene products 
are potential causes for diseases (Spiegel et al., 
J.Clin. Invest . 92: 1119-1125 (1993); MuKusick et al., 
J.Med. Genet . 30 : 1-26 (1993); Lania et al., European 
J. Endocrinology 145 :-543-559 (2001) ) . For example, a certain 
defect in a V2 vasopressin receptor gene as a GPCR has been 
proven to induce various forms of a nephrogenic diabetes 
insipidus - (Holtzman et al., Hum. Mol. Genet. 2:1201- 
1204(1993)). In addition, variation in Got subunits are 
observed in a tumor of growth hormone secreting cells in a 
pituitary gland which secrets a growth hormone, 
hyperthyroid tumor, ovarian and renal tumors (Meij, JTA 
(1996), Mol. Cell. Biochem. 157:31-38; Aussel, C. et al., 
(1988), J. Immunol. 140: 215-220). Accordingly, GPCR signal- 
related gene products are useful as a target of a novel 
drug, and 50% of currently marketed pharmaceuticals were 
reported to direct the GPCR as a target (Nature Review Drug 
Discovery, 1, 7 (2002) ) . 

Generally in screening natural ligands of GPCR, it is 
important to know which G proteins are to be coupled with 
the GPCR (Trends in Pharmacological Science, 22, 560-564 
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(2001) ) . Accordingly, identification of a novel G protein 
and a gene encoding the same is useful in . treating or 
diagnosing a disease caused by the abnormality in the 
cellular signal transduction in which said G protein is 
involved. In addition, it can be used in the screening for 
a pharmaceutical which is useful as a remedial, therapeutic 
or prophylactic agent against a disease caused by the 
abnormality in a cellular signal transduction/ Furthermore, 
it can be used in the screening for a pharmaceutical which 
is useful as a remedial, therapeutic or prophylactic agent 
capable of ameliorating or preventing a symptom by means of 
the activation or inhibition of the cellular signal 
transduction. 

SUMMARY OF THE INVENTION 
A main object of the present invention is to provide 
a novel G protein a subunit and a polynucleotide encoding 
the same, a substance capable of activating or inhibiting 
the signal transduction system mediated by a G protein- 
coupled receptor and this G protein a subunit, a method for 
screening for such a substance as well as a screening kit 
therefor. 

For the purpose of accomplishing the objective 
described above, we made an effort and finally discovered a 
human novel protein comprising an amino acid sequence 
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having a high homology with the GTP binding site and the 
GTPase activation site conserved among G protein a subunits 
and an amino acid sequence having a high homology with the 
heterotrimer forming domain conserved among the G protein a 
subunits, and designated this protein as a Gml protein. We 
also discovered a mouse Gml protein and a rat Gml protein 
having similar characteristics with regard to the amino 
acid- sequences. 

Moreover, we discovered that in a cell having a Gml 
expression vector, the effector activity of the G protein 
is elevated. 

Furthermore, we discovered that Gml protein is 
expressed at a high level in human brain, thymus, testes, 
spleen, small intestine, uterus and heart. 

Based on the findings described above, we believed 
that the present protein (Gml protein) is a novel G protein 
a subunit which is a molecule involved in the signal 
transduction mediated by a GPCR stimulation which functions 
in human brain, thymus, testes, spleen, small intestine, 
uterus and heart, thus establishing the present invention. 

Thus, the invention provides the proteins and 
polynucleotides and the like, which are listed in the 
following respective paragraphs: 

1. A protein comprising any amino acid sequence 
selected from the group consisting of: 
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(a) the amino acid sequence represented by SEQ ID No:l; 

(b) an amino acid sequence of a protein involved in a G 
protein-coupled receptor mediated signal transduction, said 
protein consists of an amino acid sequence having a 
homology of 85% or more with the amino acid sequence 
represented by SEQ ID No:l; 

(c) the amino acid sequence represented by SEQ ID No: 25; 

(d) the amino acid sequence represented by SEQ ID No:26; 

(e) an amino acid sequence of a protein involved in a G 
protein-coupled receptor mediated signal transduction, said 
protein comprises the amino acid sequence of the amino acid 
Nos.96 to 126 of SEQ ID No:l; 

(f ) an amino acid sequence of a protein involved in a G 
protein-coupled receptor mediated signal transduction, said 
protein comprises an amino acid sequence having a homology 
of 95% or more with the amino acid sequence of the amino 
acid Nos.96 to 126 of SEQ ID No:l; 

(g) an amino acid sequence of a protein involved in a G 
protein-coupled receptor mediated signal transduction, said 
protein comprises at its N-terminal the amino acid sequence 
of the amino acid Nos.l to 126 of SEQ ID No:l; and 

(h) an amino acid sequence of a protein involved in a G 
protein-coupled receptor mediated signal transduction, said 
protein comprises at its N-terminal an amino acid sequence 
having a homology of 65% or more with the amino acid 
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sequence of the amino acid Nos.l to 126 of SEQ ID No:l. 

2. A protein (1) or (2) : 

(1) the protein consisting of the amino acid sequence 
represented by SEQ ID No:l; 

(2) a protein involved in a G protein-coupled receptor 
mediated signal transduction which consists of an amino 
acid sequence having a homology of 85% or more with the 
amino acid sequence represented by SEQ ID No : 1 . 

3. The protein consisting of the amino acid sequence 
represented by SEQ ID No: 25. 

4. The protein consisting of the amino acid sequence 
represented by SEQ ID No: 26. 

5. A protein (3) or (4) : 

(3) a protein involved in a G protein-coupled receptor 
mediated signal transduction which comprises the amino acid 
sequence of the amino acid Nos.96 to 126 of SEQ ID No:l; 

(4) a protein involved in a G protein-coupled receptor 
mediated signal transduction which comprises an amino acid 
sequence having a homology of 95% or more with the amino 
acid sequence of the amino acid Nos.96 to 126 of SEQ ID 
No:l. 

6. A protein (5) or (6) : 

(5) a protein involved in a G protein-coupled receptor 
mediated signal transduction which comprises at its N- 
terminal the amino acid sequence of the amino acid Nos.l to 



126 of SEQ ID No:l; 

(6) a protein involved in a G protein-coupled receptor 
mediated signal transduction which comprises at its N- 
terminal an amino acid sequence having a homology of 65% or 
more with the amino acid sequence of the amino acid Nos.l 
to 126 of SEQ ID No:l. 

7. A polynucleotide comprising a nucleotide sequence 
selected from the group consisting of: ■ 

(a) a nucleotide sequence encoding the amino acid sequence 
represented by SEQ ID No:l; 

(b) a nucleotide sequence encoding an amino acid sequence 
of a protein involved in a G protein-coupled receptor 
mediated signal transduction, said protein consists of an 
amino acid sequence having a homology of 85% or more with 
the amino acid sequence represented by SEQ ID No:l; 

(c) a nucleotide sequence encoding the amino acid sequence 
represented by SEQ ID No:25; 

(d) a nucleotide sequence encoding the amino acid sequence 
represented by SEQ ID No: 26; 

(e) a nucleotide sequence encoding an amino acid sequence 
of a protein involved in a G protein-coupled receptor 
mediated signal transduction, said protein comprises the 
amino acid sequence of the amino acid Nos.96 to 126 of SEQ 
ID No:l; 

(f) a nucleotide sequence encoding an amino acid sequence 
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of a protein involved in a G protein-coupled receptor 
mediated signal transduction, said protein comprises an 
amino acid sequence having a homology of 95% or more with 
the amino acid sequence of the amino acid Nos. 96 to 126 of 
SEQ ID No: 1; 

(g) a nucleotide sequence encoding an amino acid sequence 
of a protein involved in a G protein-coupled receptor 
mediated signal transduction, said protein comprises at its 
N-terminal the amino acid sequence of the amino acid Nos.l 
to 126 of SEQ ID Noil; 

(h) a nucleotide sequence encoding an amino acid sequence 
of a protein involved in a. G protein-coupled receptor 
mediated signal transduction, said protein comprises at its 
N-terminal an amino acid sequence having a homology of 65% 
or more with the amino acid sequence of the amino acid 
Nos.l to 126 of SEQ ID No:l; 

(i) the nucleotide sequence represented by SEQ ID No:. 2; 

(j) a nucleotide sequence of a polynucleotide encoding a 
protein involved in a G protein-coupled receptor mediated 
signal transduction, said polynucleotide consists of a 
nucleotide sequence having a homology of 85% or more with 
the polynucleotide consisting of the nucleotide sequence 
represented by SEQ ID No: 2; 

(k) the nucleotide sequence represented by SEQ ID No: 27; 
(1) the nucleotide sequence represented by SEQ ID No: 28; 
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(m) a nucleotide sequence of a polynucleotide encoding a 
protein involved in a G protein-coupled receptor mediated 
signal transduction, said polynucleotide comprises the 
nucleotide sequence of the nucleotide Nos. 289 to 378 of SEQ 
ID No: 2; 

(n) a nucleotide sequence of a polynucleotide encoding a 
protein involved in a G protein-coupled receptor mediated 
signal transduction, said polynucleotide comprises a 
nucleotide sequence having a homology of 90% or more with 
the polynucleotide consisting of the nucleotide sequence of 
the nucleotide Nos.289' to 378 of SEQ ID No : 2 ; 

(o) a nucleotide sequence of a polynucleotide encoding a 
protein involved in a G protein-coupled receptor mediated 
signal transduction, said polynucleotide comprises at its 
5' terminal the nucleotide sequence of the nucleotide Nos . 1 
to 378 of SEQ ID No:2; and 

(p) a nucleotide sequence of a polynucleotide encoding a 
protein involved in a G protein-coupled receptor mediated 
signal transduction, said polynucleotide comprises at its 
5' terminal a nucleotide sequence having a homology of 70% 
or more with the polynucleotide consisting of the 
nucleotide sequence of the nucleotide Nos . 1 to 378 of SEQ 
ID No:2. 

8. A polynucleotide of (7) or (8): 
(7) the polynucleotide consisting of the nucleotide 
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sequence represented by SEQ ID No:2; 

(8) a polynucleotide encoding a protein involved in a G 
protein-coupled receptor mediated signal transduction, said 
polynucleotide consists of a nucleotide sequence having a 
homology of 85% or more with the polynucleotide consisting 
of the nucleotide sequence represented by SEQ ID No: 2. 

9. The polynucleotide consisting of the nucleotide 
sequence represented by SEQ ID No: 27. 

10. The polynucleotide consisting of the nucleotide 
sequence represented by SEQ ID No: 28. 

11. A polynucleotide of (9) or (10) : 

(9) a polynucleotide encoding a protein involved in a G 
protein-coupled receptor mediated signal transduction, said 
polynucleotide comprises the nucleotide sequence of the 
nucleotide Nos.289 to 378 of SEQ ID No: 2; 

(10) a polynucleotide encoding a protein involved in a G 
protein-coupled receptor mediated signal transduction, said 
polynucleotide comprises a nucleotide sequence having a 
homology of 90% or more with the polynucleotide consisting 
of the nucleotide sequence of the nucleotide Nos . 28 9 to 378 
of SEQ ID No:2. 

12. A polynucleotide of (11) or (12): 

(11) a polynucleotide encoding a protein involved in a G 
protein-coupled receptor mediated signal transduction, said 
polynucleotide comprises at its 5' terminal the nucleotide 



sequence of the nucleotide Nos . 1 to 378 of SEQ ID No:2; 
(12) a polynucleotide encoding a protein involved in a G 
protein-coupled receptor mediated signal transduction, said 
polynucleotide comprises at its 5' terminal a nucleotide 
sequence having, a homology of 70% or more with the, 
polynucleotide consisting of the nucleotide sequence of the 
nucleotide Nos.l to 378 of SEQ ID No: 2.. 

13. A recombinant vector containing a polynucleotide 
according to the above 7. 

14. A method for producing a recombinant vector 
comprising a step for integrating a polynucleotide 
according to the above 7 into a vector capable of being 
replicated in a host cell. 

15. A transformant having a recombinant vector 
according to the above 13. 

16. A method for producing a transformant comprising 

i 

a step for transducing a recombinant vector according to v_ 
the above 13 into a host cell. 

17. A method for producing a G protein a-subunit 
comprising steps for culturing a transformant having a 
recombinant vector containing a polynucleotide according to 
the above 7 and recovering from the culture a protein 
resulting from the polynucleotide according to the above 7. 

18. An antisense polynucleotide consisting of a 
polynucleotide of (13) or (14) : 
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(13) a polynucleotide which inhibits the expression of a 
protein according to the above 1 which comprises a 
nucleotide sequence complementary to at least 15 contiguous 
nucleotides in the nucleotide sequence represented by SEQ 
ID No: 2; 

(14) a polynucleotide which inhibits the expression of a 
protein according to the above 1 which hybridizes under an 
intracellular condition with a polynucleotide consisting of 
at least 15 contiguous nucleotides in the nucleotide 
sequence represented by SEQ ID No: 2. 

19. A ribozyme (15) or (16): 

(15) a ribozyme having an ability of cleaving a 
polynucleotide according to the above 7 which comprises two 
polynucleotide regions complementary to two regions 
respectively consisting of at least 9 contiguous 
nucleotides which are two regions in the nucleotide 
sequence represented by SEQ ID No: 2; 

(16) a ribozyme having an ability of cleaving a 
polynucleotide according to the above 7 which comprises two 
polynucleotide regions which hybridizes under an 
intracellular condition with two regions respectively 
consisting of at least 9 contiguous nucleotides which are 
two regions in the nucleotide sequence represented by SEQ 
ID No:2." 

20. An antibody which recognizes a protein' according 
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to the above 1 specifically. 

21. An agent for regulating a G protein-coupled 
receptor mediated signal transduction containing as an 
active ingredient a protein according to the above 1. 

22. A therapeutic or prophylactic agent against a 
disease caused by a G protein-coupled receptor mediated 
signal transduction abnormality, wherein an active 
ingredient of the agent is a protein according to the above 
1. 

.23. An agent for regulating a G protein-coupled 
receptor mediated signal transduction containing as an 
active ingredient a polynucleotide according to the above 7. 

24. A therapeutic or prophylactic agent against a 
disease caused by a G protein-coupled receptor mediated 
signal transduction abnormality, wherein an active 
ingredient of the agent is a polynucleotide according to 
the above 7 . 

25. An agent for regulating a G protein-coupled 
receptor mediated signal transduction containing as an 
active ingredient an antisense polynucleotide according to 
the above 18. 

26. A therapeutic or prophylactic agent against a 
disease caused by a G protein-coupled receptor mediated 
signal transduction abnormality, wherein an active 
ingredient of the agent is an antisense polynucleotide 



according to the above 18. 

27. An agent for regulating a G protein-coupled 
receptor mediated signal transduction containing as an 
active ingredient a ribozyme according to the above 19. 

28. A therapeutic or prophylactic agent against a 
disease caused by a G protein-coupled receptor mediated 
signal transduction abnormality, wherein an active 
ingredient of the agent is a ribozyme according to the 
above 19. 

29. An agent for regulating a G protein-coupled 
receptor mediated signal transduction containing as an 
active ingredient an antibody according to the above 20. 

30. A therapeutic or prophylactic agent against a 
disease caused by . a G protein-coupled receptor mediated 
signal transduction abnormality, wherein an active 
ingredient of the agent is an antibody according to the 
above 20. 

31. An oligonucleotide (17) or (18): 

(17) an oligonucleotide capable of recognizing a 
polynucleotide represented by SEQ ID NO: 2 specifically 
which consists of at least 17 contiguous nucleotides in the 
nucleotide sequence represented by SEQ ID No: 2; 

(18) an oligonucleotide capable of recognizing a 
polynucleotide represented by SEQ ID NO: 2 specifically 
which has a homology of 80% or more with at least 17 
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contiguous nucleotides in the nucleotide sequence 
represented by SEQ ID No: 2. 

32 . An oligonucleotide according to the above 31 
which is used as a probe or a primer. 

33. A method for screening for a substance capable 
of regulating a signal transduction mediated by a G 
protein-coupled receptor and a G protein comprising: 

(a) a step for bringing a test substance into contact with 
a test cell having a recombinant vector according to the 
above 13 and a recombinant vector containing a DNA encoding 
a G protein-coupled receptor protein; 

(b) a step for measuring the G protein effector activity or 
the index value correlating therewith in the test cell; and 

(c) a step for comparing this effector activity or the 
index value correlating therewith with the effector 
activity or the index value correlating therewith in the 
test cell which has not been brought into contact with the 
test substance, whereby selecting a test substance capable 
of altering the effector activity or the index value 
correlating therewith in the test cell. 

34. A method for screening for a substance capable 
of regulating a signal transduction mediated by a G 
protein-coupled receptor and a G protein comprising: 

(a) a step for bringing a test substance into contact with 
a test cell having a recombinant vector according to the 



above 13 and a recombinant vector - containing a DNA encoding 
a G protein-coupled receptor protein; 

(b) a step for measuring the G protein effector activity or 
the index value correlating therewith in the test cell; and 

(c) a step for comparing this effector activity with the 
effector activity or the index value correlating therewith 
when the said test substance has been brought into contact 
with a control cell having no recombinant vector according 
to the above 13 but having a recombinant vector containing 
a DNA encoding a G protein-coupled receptor protein, 
whereby selecting a test substance causing a difference in 
the effector activity or the index value correlating 
therewith between the test cell and the control cell. 

35. A method for screening for a substance capable 
of regulating a signal transduction mediated by a G 
protein-coupled receptor and a G protein comprising: 

(a) a step for bringing a test substance into contact with 
a test cell having a recombinant vector according to the 
above 13 and a recombinant vector containing a DNA encoding 
a G protein-coupled receptor protein; 

(b) a step for measuring the G protein effector activity or 
the index value correlating therewith in the test cell; and 

(c) a step for comparing this effector activity or the 
index value correlating therewith with the effector 
activity or the index value correlating therewith when the 
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said test substance has been brought into contact with a 
control cell having no recombinant vector containing a DNA 
encoding a G protein-coupled receptor protein but having a 
recombinant vector according to the above 13, whereby 
selecting a test substance causing a difference in the 
effector activity or the index value correlating therewith . 
between the test cell and the control cell. 

36. A method for screening for a substance capable 
of regulating a signal transduction mediated by a G 
protein-coupled receptor and a G protein comprising: 

(a) a step for bringing a test substance and a G protein- 
coupled receptor ligand into contact with a test cell 
having a recombinant vector according to the above 13 and a 
recombinant vector containing a DNA encoding a G protein- 
coupled receptor protein; 

(b) a step for measuring the G protein effector activity or 
the index value correlating therewith in the test cell; and 

(c) a step for comparing this effector activity or the 
index value correlating therewith with the effector 
activity or the index value correlating therewith in the 
test cell which has not been brought into contact with the 
test substance but has been brought into contact with the 
ligand, whereby selecting a test substance capable of 
altering the effector activity or the index value 
correlating therewith in the test cell. 
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37. A method for screening for a substance capable 
of regulating a signal transduction mediated by a G 
protein-coupled receptor and a G protein comprising; 

(a) a step for bringing a test substance and a G protein- 
coupled receptor ligand into contact with a test cell 
having a recombinant vector according to the above 13 and a 
recombinant vector containing a DNA encoding a G protein- 
coupled receptor protein; 

(b) a step for measuring the G protein effector activity or 
the index value correlating therewith in the test cell; 

(c) a step for comparing this effector activity with the 
effector activity in the test cell which has not been 
brought into contact with the test . substance but has been 
brought into contact with the ligand, whereby investigating 
the change in the effector activity in the test cell; and 

(d) a step for comparing the rate of change in this 
effector activity or the index value correlating therewith 
with the rate of change in the effector activity or the 
index value correlating therewith when the said test 
substance and said ligand has been brought into contact 
with a control cell having no recombinant vector containing 
a DNA encoding a G protein-coupled receptor protein but 
having a recombinant vector according to the above 13, 
whereby selecting a test substance causing a difference in 
the rate of change in the effector activity or the index 
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value correlating therewith between the test cell and the 
control cell. 

38. A method for screening for a substance capable 
of regulating a signal transduction mediated by a G 
protein-coupled receptor and a G protein comprising: 

(a) a step for bringing a test substance, into contact with 
a cell membrane fraction of a cell having a recombinant 
vector according to the above 13 and a cell membrane 
fraction of a cell having a recombinant vector containing a 
DNA encoding a GPCR, or 

a cell membrane fraction of a cell having the recombinant, 
vector according to the above 13 and the recombinant vector 
containing the DNA encoding the GPCR; 

(b) a step for assaying the level of the binding of GTP to 
the cell membrane fraction; and 

(c) a step for comparing the assayed level of this GTP 
binding with the assayed level of the GTP binding to the 
cell membrane fraction which has not been brought into 
contact with the test substance, whereby selecting a test 
substance capable of altering the assayed level of the GTP 
binding to the cell membrane fraction. 

39. A method for screening for a substance capable 
of regulating a signal transduction mediated by a G 
protein-coupled receptor and a G protein comprising: 

(a) a step for bringing a test substance and a G protein- 
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coupled receptor ligand into contact with 
a cell membrane fraction of a cell having a recombinant 
vector according to the above 13 and a cell membrane 
fraction of a cell having a recombinant vector containing a 
DNA encoding a GPCR, or 

a cell membrane fraction of a cell having the recombinant 
vector according to the above 13 and the recombinant vector 
containing the DNA encoding the GPCR; 

(b) a step for assaying the level of the binding of GTP to 
the cell membrane fraction; and- 

(c) a step for comparing the assayed level of this GTP 
binding with the assayed level of the GTP binding in the 
cell membrane fraction which has not been brought into 
contact with the test substance but has been brought into 
contact with said ligand, whereby selecting a test 
substance capable of altering the assayed level of the GTP 
binding to the cell membrane fraction. 

40. A method for screening for a substance capable 
of regulating a signal transduction mediated by a G 
protein-coupled receptor and a G protein comprising: 

(a) a step for bringing a test substance into contact with 
a test cell capable of expressing a protein according to 
the above 1; 

(b) a step for measuring the expression level of the 
protein according to the above 1 in the test cell; and 
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(c) a step for comparing this expression level with the 
expression level of said protein in the test cell which has 
not been brought into contact with the test substance, 
whereby selecting a test substance capable of altering the 
expression level of said protein in the test cell. 

41. A substance capable of regulating a signal 
transduction mediated by a G protein-coupled receptor and a 
G protein, said substance is obtained by a screening method 
according to any of the above 33 to 40. 

42. An agent for regulating a signal transduction 
mediated by a G protein-coupled receptor and a G protein, 
said agent contains as an active ingredient a substance 
according to the above 41. 

43. A therapeutic or prophylactic agent against a 
disease caused by the abnormality in a G protein-coupled 
receptor and a G protein-mediated signal transduction 
containing as an active ingredient a substance according to 
the above 41. 

44. A kit for screening for a substance capable of 
regulating a signal transduction mediated by a G protein- 
coupled receptor and a protein according to the above 1, 
which comprises a test cell having a recombinant vector 
containing a polynucleotide encoding a protein according to 
the above 1 and a reagent for measuring the G protein 
effector activity or an index value correlating therewith. 
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45. A screening kit according to the above 44 
wherein the test cell further has a recombinant vector 
having a DNA encoding a G protein-coupled receptor. 

46. A screening kit according to the above 44 
further containing a G protein-coupled receptor ligand. 

47. A screening kit according to the above 44 
further containing a control cell having a recombinant 
vector having a DNA encoding a G protein-coupled receptor. 

48. A screening kit according to the above 44 
further containing a control cell having a recombinant 
vector containing a polynucleotide encoding a protein 
according to the above 1.. 

49. A kit for screening for a substance capable of 
regulating a signal transduction mediated by a G protein- 
coupled receptor and a protein according to the above 1, 
which comprises: 

a cell having a recombinant vector containing a 
polynucleotide encoding a protein according to the above 1; 
and, 

a GTP analogue which can bind to the protein 
according to the above 1 but can not be cleaved by a GTPase. 

50. A screening kit according to the above 49 
wherein the cell further has a recombinant vector having a 
DNA encoding a G protein-coupled receptor. 

51. A kit for screening for a substance capable of 
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regulating a signal transduction mediated by a G protein- 
coupled receptor and a protein according to the above 1, 
which comprises: 

a cell having a recombinant vector containing a 
polynucleotide encoding a protein according to the above 1; 

a cell having a recombinant vector having a DNA 
encoding the G protein-coupled receptor; and, 

a GTP analogue which can bind to the protein 
according to the above 1 but can not be cleaved by a GTPase. 

52. A screening kit according to the above 49 or 51 
further containing a G protein-coupled receptor ligand. 

53. A kit for screening for a substance capable of 
regulating a signal transduction mediated by a G protein- 
coupled receptor and a protein according to the above 1, 
which comprises: 

a cell capable of expressing a protein according to 
the above 1; and 

an oligonucleotide according to the above 31 or an 
antibody according to the above 20. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Figure 1 is a drawing substitute showing the 
expression profile of an inventive protein in human 
tissues; 

Figure 2 is a schematic view indicating the- dopamine 
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Dl receptor antagonistic effects of various test substance 
(Example 17) ; 

. Figure 3 is a schematic view indicating the dopamine 
Dl receptor agonistic effects of various test substance 
(Example 18 ) ; 

Figure 4 is a schematic view indicating the adenosine 
A2a receptor antagonistic effects of DMPX (Example 21); 

Figure 5 is a schematic view indicating the adenosine 
A2a receptor agonistic effects of CGS-21680 (Example 22); 

Figure 6 is a schematic view indicating that dopamine 
caused a signal transduction mediated by the dopamine Dl 
receptor and the Gml (Example 24); and 

Figure 7 is a schematic- view indicating that 
adenosine caused a signal transduction mediated by the 
adenosine A2a receptor and the Gml (Example 24). 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
<Inventive proteins> 

An inventive protein is a protein comprising, any 
amino acid sequence selected from the group consisting of: 

(a) The amino acid sequence represented by SEQ ID No:l; 

(b) An amino acid sequence of a- protein involved in a G 
protein-coupled receptor mediated signal transduction which 
consists of an amino acid sequence having a homology of 85% 
or more with the amino acid sequence represented by SEQ ID 
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No : 1 ; 

(c) The amino acid sequence represented by SEQ ID No: 25; 

(d) The amino acid sequence represented by SEQ ID No: 26; 

(e) An amino acid sequence of a protein involved in a G 
protein-coupled receptor mediated signal transduction which 
comprises the amino acid sequence of the amino acid Nos.96 
to 126 of SEQ ID No:l; 

(f) An amino acid sequence of a protein involved in a G 
protein-coupled receptor mediated signal transduction which 
comprises an amino acid sequence having a homology of 95% 
or more with the amino acid sequence of the amino acid 
Nos.96 to 126 of SEQ ID No:l; 

(g) An amino acid sequence of a protein involved in a G 
protein-coupled receptor mediated signal transduction which 
comprises at its N-terminal the amino acid sequence of the 
amino acid Nos . 1 to 126 of SEQ ID No:l; and 

(h) An amino acid sequence of a protein involved in a G 
protein-coupled receptor mediated signal transduction which 
comprises at its N-terminal an amino acid sequence having a 
homology of 65% or more with the amino acid sequence of the 
amino acid Nos.l to 126 of SEQ ID No:l; 

The inventive protein includes not only said protein 
but also its salt or derivative as long as its biological 
functions are not affected- A derivative is not limited 
particularly and may for example be one whose C terminal or 
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other carboxyl group is converted into an amide, ester and 
the like, or one whose N terminal or other amino group is 
protected for example by a formyl group or acyl group. As 
a salt, an acid addition salt is exemplified preferably. 
An acid addition salt may for example be a salt with an 
inorganic acid such as hydrochloric acid, phosphoric acid, 
sulfuric acid and the like, or a salt with an organic acid 
such as formic acid, acetic acid, propionic acid and the 
like. 

<First protein> 

The first protein according to the invention is a 
protein (1) or (2) shown below. 

(1) The protein consisting of the amino acid sequence 
represented by SEQ ID No:l. 

(2) A protein involved in a G protein-coupled receptor 
mediated signal transduction which consists of an amino 
acid sequence having a homology of 85% or more with the 
amino acid sequence represented by SEQ ID No:l. 

The amino acid sequence represented by SEQ ID No:l 
comprises an amino acid sequence part having a high 
homology with the GTP binding site and the GTPase 
activation site conserved among G protein a subunits. Such 
parts are the regions of the amino acid Nos.126 to 133, 287 
to 292, 353 to 359, 428 to 435 in the amino acid sequence 
represented by SEQ ID No:l. Any of these amino acids is in 
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agreement with the GTP binding site and the GTPase 
activation site of Gs and Golf which has already been 
identified as G protein a subunits (NATURE, 117-127, 1991, 
vol. 349). 

Furthermore, the amino acid also comprises a sequence 
which is identical to the characteristic sequence conserved 
highly in Gs and Golf protein belonging especially to the 
Gs family among the G protein a subunits (amino acid 
Nos.119 to 126 in SEQ ID No:l), and can also form an a 
helix structure conserved among the G protein a subunits. 

Based on these findings, the protein comprising the 
amino acid sequence represented by SEQ ID No:l is 
considered to be a G protein a subunit. 

The fact that a protein (2) functions as a molecule 
involved in the intracellular signal transduction by a GPCR 
stimulation can be verified by means of a screening method 
according to the invention discussed below. 

The amino acid sequence of a protein (2) preferably 
has a homology of 90% or more, especially 95% or more with 
the amino acid sequence represented by SEQ ID No:l. 

An index indicating which and how many amino acid 
residues in a protein (2) can be substituted, deleted or 
added without losing' any biological functions can be 
identified for example by a GTP binding level assay 
described below. A variation causing no loss of the 
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biological functions can be conducted for example in a part 
having a low homology with the amino acid sequence of any 
of various G protein a subunits which have already been 
identified. 

In the case for example of an amino acid substitution, 
the amino acid can be substituted by an amino acid having 
the characteristics similar to those of the former amino 
acid in terms of polarity, electric charge, solubility, 
hydrophilicity/hydrophobicity , polarity and the like, in 
view of the maintenance of the protein structure. In this 
context, glycine, alanine, valine, leucine, isoleucine and 
proline are classified into non-polar amino acids; serine, 
threonine, cysteine, methionine, asparagine and glutamine 
are classified into polar amino acids; phenylalanine, 
tyrosine and triptophane are classified into aromatic side 
chain-carrying amino acids; lysine, arginine and histidine 
are classified into basic amino acids-; aspartic acid and 
glutamic acid are classified into acidic amino acids. 
Accordingly, the substitution may be conducted using an 
amino acid selected from the same group. 

A protein (2) also includes proteins derived from 
other species corresponding to the human protein. Such an 
other species-derived corresponding protein can be deduced 
from a nucleotide sequence identified by means for example 
of a screening of a gene library of other species using a 



full length inventive polynucleotide ■ or a part thereof as 
well a.s a 5' -RACE. Otherwise, a deductive identification 
is possible also from a corresponding gene of other species 
screened by an NCBI Blast search described below, 

A protein (2) may for example be the protein 
consisting of the amino acid .sequence represented by SEQ ID 
No: 25 and the protein consisting of the amino acid sequence 
represented by SEQ ID No: 26. 
<Second protein> 

The second protein according to the invention is a 
protein (3) or (4) shown below. 

(3) A protein involved in a G protein-coupled receptor 
mediated signal transduction which comprises the amino acid 
sequence of the amino acid Nos.96 to 126 of SEQ ID No : 1 . 

(4) A protein involved in a G protein-coupled receptor 
mediated signal transduction which comprises an amino acid 
sequence having a homology, of 95% or more with the amino 
acid sequence of the amino acid Nos.96 to 126 of SEQ ID 
No:l. 

A protein (4) preferably has a homology of 96% or 
more, especially 97% or more with the amino acid Nos.96 to 
126 in the amino acid sequence represented by SEQ ID No:l. 

For the purpose of functioning as a molecule involved 
in an intracellular signal transduction by a GPCR 
stimulation, for example, as a G protein a subunit, each of 



the protein (3) and (4) usually has an amino acid sequence 
of the amino acid.Nos.75 to 133, 287 to 292, 353 to 359 and 
428 to 435 in the amino acid sequence represented by SEQ ID 
No:l, or preferably has an amino acid sequence having a 
homology usually of 80% or more, especially 90% or more • 
with the amino acid sequence of these regions. The total 
amino acid number is usually about 320 to 489, preferably 
about 350 to 460 . . 

An index indicating which and how many amino acid 
residues in a protein (4) can be substituted, deleted or 
added without losing any biological functions of the 
protein (3) can be identified for example by a GTP binding 
level assay described below. A variation causing no loss 
of the biological functions can be conducted for example in 
a part having a low homology with the amino acid sequence 
of any of various G protein a subunits which have already 
been identified- Also similarly to the first protein 
described above, the substitution of a base can be 
conducted so that the amino acid obtained after a 
translation can possess the characteristics analogous to 
those of the amino acid before the substitution, with 
regard to polarity, electric charge, solubility, 
hydrophilicity/hydrophobicity, polarity and the like. 
<Third protein> 

The third protein of the invention is a protein (5) 



or (6) shown below. 

(5) A protein involved in a G protein-coupled receptor 
mediated signal transduction which comprises at its N- 
terminal of the amino acid sequence of the amino acid Nos.l 
to 126 of SEQ ID No:l. 

(6) A protein involved in a G protein-coupled receptor 
mediated signal transduction which comprises at its N- 
terminal of an amino acid sequence having a homology of 65% 
or more with the amino acid sequence of the amino acid 
Nos.l to 126 of SEQ ID No:l. 

In a protein (6), the amino acid sequence part 
corresponding to the 126 amino acid sequence at the N 
terminal of the protein (5) (hereinafter referred to as a 
"specific N terminal amino acid sequence") preferably has a 
homology of 70% or more, especially 75% or more with the 
specific N terminal amino acid sequence of the protein (5) . 

For the purpose of functioning as a molecule involved 
in an intracellular signal transduction by a GPCR 
stimulation, for example, as a.G protein a subunit, each of 
the protein (5) and (6) usually has an amino acid sequence 
of the. amino acid Nos.75 to 133, 287 to 292, 353 to 359 and 
428 to 435 in the amino acid sequence represented by SEQ ID 
No:l, or preferably has an amino acid sequence having a 
homology usually of 80% or more, especially 90% or more 
with these regions. The total amino, acid number is usually 
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about 320 to 480, preferably about 350 to 460. 

An index indicating which and how many amino acid 
residues in a protein (6) can be substituted, deleted or 
added without losing' any biological functions of the 
protein (5) can be identified for example by a GTP binding 
level assay described below. A variation causing no loss 
of the biological functions can be conducted for example in 
a part having a low homology with the amino acid sequence 
of any of various G protein gc subunits which have already 
been identified. Also similarly to the first protein 
described above, the substitution of a base can be 
conducted so that the amino acid obtained after a 
translation can possess the characteristics analogous to 
those of the amino acid before the substitution, with 
regard to polarity, electric charge, solubility, 
hydrophilicity/hydrophobicity, polarity and the like. 

There is no known G protein a subunit having the 
amino acid sequence of the amino acid Nos.l tol26 of the 
amino acid sequence represented by SEQ ID No: 1 or a 
sequence analogous thereto. 
<Inventive protein production method> 

A protein of the invention can be produced by i) a 
method for separating a membrane fraction containing said . 
protein from a cell or tissue of a human or other animal 
species followed by a known protein purification process, 

33 



ii) a method employing a transformant of the invention 
described below or iii) a known chemical synthesis of a 
protein and the like. 

In a method i) , a cell or tissue of a mammalian 
animal . including a human can be employed without limitation 
It is particularly preferred to use a human cell or tissue, 
especially, a human brain-, uterus- or heart-derived cell 
or tissue. 

A membrane fraction containing a protein of the 
invention can be obtained by suspending a cell or tissue 
for example in a HE/PI buffer (20mM Hepes, 2mM EDTA, 1 x 
Proteinase inhibitor cocktail (Nacalaitesque) ) , pulverizing 
or lysing the suspension by means for example of an 
ultrasonic treatment, homogenization, passage through a 
needle of about 26 gauge, centrifuging the resultant 
pulverization or lysis solution at about 100 to 150 xG for 
5 to 10 minutes, centrifuging the resultant supernatant at 
about 18, 000 to 20, 000 G for 20 to 30. minutes, and then 
recovering the pellets. 

The fact that the resultant cell membrane fraction 
contains a protein of- the invention can be verified for 
example by a Western blotting using an antibody of the 
invention as described below; 

A known protein purification method may for example 
be any of various chromatographic procedure such as an ion 
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exchange, gel filtration, affinity chromatography. 

As a method iii), a method described for example in "The 

Peptide", Academic Press, New York (1966) or a method 

employing a commercial protein synthesis resin may be 

exemplified. 

It is also possible to obtain a protein (2) from a 
transformant having a variant DNA which is formed by 
imparting a DNA encoding the protein (1) with a variation 
using a known method such as one described in Molecular 
Cloning: A Laboratory Manual, 2nd edition, Vol.1 to 3, Cold 
Spring Harbor Laboratory Press (1989) , Methods in Enzymology 
p448 (1989), PCR A Practical Approach IRL Press p200(1991) 
and the like, for example, a site-specific mutation 
introduction, a PCR employing a variation primer. This may 
analogously be applied to a method for obtaining the 
protein (3) from a protein (4) and a method for obtaining 
the protein (6) from a protein (5). 
<Application of inventive proteins> 

A protein of the invention. can preferably be employed 
as a regulator of a signal transduction mediated by a GPCR 
stimulation. Specifically, it can preferably be employed 
for treating or preventing a disease associated with an 
intracellular signal transduction relating to the defect, 
reduced expression level or reduced function of a protein 
of the invention. 

35 



<Inventive polynucleotide> 

A polynucleotide according to the invention is a 
polynucleotide encoding a protein of the invention 
described above, and comprises a nucleotide sequence 
selected from the group consisting of : 

(a) A nucleotide sequence encoding the amino acid sequence 
represented by SEQ ID No:l; 

(b) A nucleotide sequence encoding an amino acid sequence 
of a protein involved in a G protein-coupled receptor 
mediated signal transduction which consists of an amino 
acid sequence having a homology of 85% or more with the 
amino acid sequence represented by SEQ ID No:l; 

(c) A nucleotide sequence encoding' the amino acid sequence 
represented by SEQ ID No: 25; 

(d) A nucleotide sequence encoding the amino acid sequence 
represented by SEQ ID No: 26; 

(e) A nucleotide sequence encoding an amino acid sequence 
of a protein involved in a G protein-coupled receptor 
mediated signal transduction which comprises the amino acid 
sequence of the amino acid Nos.96 to 126 of SEQ ID No:l; 

(f) A nucleotide sequence encoding an amino acid sequence 
of a protein involved in a G protein-coupled receptor 
mediated signal transduction which comprises an amino acid 
sequence having a homology of 95% or more with the amino 
acid sequence of the amino acid Nos.96 to 126 of SEQ ID 



No : 1 ; 

(g) A nucleotide sequence encoding an amino acid sequence 
of a protein involved. in a G protein-coupled receptor 
mediated signal transduction which comprises at its N- 
terminal the amino acid sequence of the amino acid Nos . 1 t 
126 of SEQ ID No: 1; 

(h) A nucleotide sequence encoding an amino acid sequence 
of a protein involved in a G protein-coupled receptor 
mediated signal transduction which comprises at its N- 
terminal an amino acid sequence having a homology of 65% o 
more with the amino acid sequence of the . amino acid Nos.l 
to 126 of SEQ ID No:l; 

(i) The nucleotide sequence represented by SEQ ID No: 2; 

(j) A nucleotide sequence encoding a protein involved in a 
G protein-coupled receptor mediated signal transduction 
which is a nucleotide sequence having a homology of 85% or 
more with the polynucleotide consisting of the nucleotide 
sequence represented by SEQ ID No: 2; 

(k) The nucleotide sequence represented by SEQ ID No:27; 

(1) The nucleotide sequence represented by SEQ ID No:28; 

(m) A nucleotide sequence encoding a protein involved in a 
G protein-coupled receptor mediated signal transduction 
which comprises the nucleotide sequence of the nucleotide 
Nos. 289 to 378 of SEQ ID No:2; 

(n) A nucleotide sequence encoding a protein involved in a 
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G protein-coupled receptor mediated signal transduction 
which comprises a nucleotide sequence having a homology of 
90% or more with the polynucleotide consisting of the 
nucleotide sequence of the nucleotide Nos.289 to 378 of SEQ 
ID No: 2; 

(o) A nucleotide sequence encoding a protein involved in a 
G protein-coupled receptor ' mediated signal transduction 
which comprises at its 5' terminal the nucleotide sequence 
of the nucleotide Nos.l to 378 of SEQ ID No: 2; and 
(p) A nucleotide sequence encoding a protein involved in a 
G protein-coupled receptor mediated signal transduction 
which comprises at its 5' terminal a nucleotide sequence 
having a homology of 70% or more with the polynucleotide 
consisting of the nucleotide sequence of the nucleotide 
Nos.l to 378 of SEQ ID No : 2 . 

A polynucleotide of the invention (including an 
oligonucleotide) includes a polynucleotide comprising a 
nucleotide sequence described above and a polynucleotide 
complementary thereto. Unless otherwise specified, a 
polynucleotide includes the both of a DNA and an RNA. A 
DNA includes a single-stranded DNA having its nucleotide 
sequence, and a single-stranded DNA complementary thereto, 
and a double-stranded DNA. A DNA, unless otherwise 
specified, includes a cDNA, genome DNA and synthetic DNA. 
An RNA, unless otherwise specified, includes a total RNA, 
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mRNA, rRNA and synthetic RNA. 

i 

An inventive polynucleotide is detailed with 
referring to the following first, second and third 
polynucleotide described below. 
<First polynucleotide> 

(7) The polynucleotide consisting of the nucleotide 
sequence represented by SEQ ID No: 2. 

(8) A polynucleotide encoding a protein involved in a G 
protein-coupled receptor mediated signail transduction which 
consists 1 of a nucleotide sequence having a homology of 85% 
or more with the polynucleotide consisting of the 
nucleotide sequence represented by SEQ ID No: 2. 

A polynucleotide (8) preferably has a homology of 87% 
or more, especially 90% or more with the polynucleotide (7) 

A polynucleotide (8) is preferably one which 
hybridizes under a stringent condition with the 
polynucleotide (7) consisting of the nucleotide sequence 
represented by SEQ ID No: 2. In the invention, a stringent 
condition may for example be a condition involving 2 x SSC, 
1 x Denhart's solution at about 60°C. 

An index indicating which and how many bases .in a 
polynucleotide (8) can be substituted, deleted. or added 
without losing any biological functions of the protein 
encoded by the polynucleotide (7) can be identified for 
example by a cAMP assay or a GTP binding level assay 
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described below. A variation causing no loss of the 
biological functions can be conducted for example in a part 
having a low homology with the polynucleotide sequence of 

any of various G protein a subunits which have already been 
identified . 

Also similarly to the first protein described above, 
the substitution of a base can be conducted so that the 
amino acid obtained after a translation can possess the 
characteristics analogous to those of the amino acid before 
the substitution, with regard to polarity, electric charge, 
solubility, hydrophilicity/hydrophobicity , polarity and the 
like. 

When a single amino acid has several translation 
codqns, the base substitution within these translation 
codons may also be possible. For example, when alanine has 
4 translation codons, namely, GCA, GCC, GCG and GCT, the 
third base in each codon can be substituted with each other 
among ATGC. 

A polynucleotide (8) includes a polynucleotide of 
other species corresponding for example to a human 
polynucleotide. Such a polynucleotide can be screened for 
using NCBI blast search (www.ncbi.nlm.nih.gov/BLAST/). 
Typically, the nucleotide sequence containing the 
nucleotide Nos.289 to 378 in SEQ ID No: 2 is subjected to an 
NCBI blast search whereby searching the nucleotide sequence 
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database of other species and an EST database for a 
sequence having a high homology. By screening the 
nucleotide sequences selected by the search for a 
nucleotide sequence whose region corresponding to the 
nucleotide Nos.289 to 378 has a homology for example of 90% 
or more, a corresponding gene of other species can be 
screened for. 

A polynucleotide (8) is preferably one whose 
nucleotide sequence corresponding to the nucleotide Nos . 1 
to 222, 400 to 858, 877 to 1056, 1078 to 1281 and 1306 to 
1377 in SEQ ID No: 2 in the polynucleotide (7) has a 
homology usually of 75% or more, especially 80% or more 
with the respective nucleotide sequence of the 
polynucleotide (7) . 

A polynucleotide (8) may for example be a 
polynucleotide consisting of the nucleotide sequence 
represented by SEQ ID No: 27 and a polynucleotide consisting 
of the nucleotide sequence represented by SEQ ID No: 28. 
<Second polynucleotide> 

(9) A polynucleotide encoding a protein involved in a G 
protein-coupled receptor mediated signal transduction which 
comprises the nucleotide sequence of the nucleotide Nos.289 
to 378 of SEQ ID No : 2 . 

(10) A polynucleotide encoding a protein involved in a G 
protein-coupled receptor mediated signal transduction which 
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comprises a nucleotide sequence having a homology of 90% or 
more with the polynucleotide consisting of the nucleotide 
sequence of the nucleotide Nos.289 to 378 of SEQ ID No:2. 

In a polynucleotide (10) , the nucleotide sequence 
corresponding to the nucleotide Nos.289 to 378 in SEQ ID 
No:2 of a polynucleotide (9) has a homology of 93% or more, 
especially 95% or more with the respective sequence of (9). 

A polynucleotide (10) preferably has a polynucleotide 
sequence which hybridizes under a stringent condition with 
a polynucleotide consisting of the nucleotide sequence of 
the nucleotide Nos.289 to 378 in SEQ ID No:2. 

Each of the protein (9) and (10) , for achieving the 
function of the protein encoded thereby as a molecule 
involved in an intracellular signal transduction by a GPCR 
stimulation, for example, as a G protein a subunit, usually 
has a nucleotide sequence of the nucleotide Nos.223 to 399, 
859 to 876, 1057 to 1077, 1282 to 1305 in the nucleotide 
sequence represented by SEQ ID No: 2, or preferably has an 
nucleotide sequence having a homology usually of 85% or 
more, especially 90% or more with these regions. The total 
nucleotide number is usually about 963 to 1443, especially 
1053 to 1383. 

An index indicating which and how many bases in a 
polynucleotide (10) can be substituted, deleted or added 
without losing any biological functions of the protein 



encoded by the polynucleotide (9) is similar to that 
described above with regard to the first polynucleotide. 
<Third pqlynucleot ide> 

(11) A polynucleotide encoding a protein involved in a G 
protein-coupled receptor mediated signal transduction which 
comprises at its 5' terminal the nucleotide sequence of the 
nucleotide Nos.l to 378 of SEQ ID No: 2. 

(12) A polynucleotide encoding a protein involved in a G 
protein-coupled receptor mediated signal transduction which 
comprises at its 5' terminal a nucleotide sequence having a 
homology of 70% or more with the polynucleotide consisting 
of the nucleotide sequence of the nucleotide Nos.l to 378 
of SEQ ID No: 2 . 

In a polynucleotide (12), the nucleotide sequence 
part corresponding to the 378 nucleotide sequence at the 5' 
terminal of the protein (11) (hereinafter referred to as a 
"'specific 5' terminal nucleotide sequence'') preferably has 
a homology of 75% or more, especially 80% or more with the 
specific 5' terminal amino acid sequence of (11). 

A polynucleotide (12) preferably has at its 5' 
terminal a polynucleotide sequence which hybridizes under a 
stringent condition with the polynucleotide consisting of 
the nucleotide sequence of the nucleotide Nos.l to 378 in 
SEQ ID No: 2. 

Each of the protein (11) and (12), for achieving the 
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function of the protein encoded thereby as a molecule 
involved in an intracellular signal transduction by a GPCR 
stimulation, for example, as a G protein a subunit, usually 
has a nucleotide sequence of the nucleotide Nos.223 to 399, 
859 to 876, 1057 to 1077, 1282 to 1305 in the nucleotide 
sequence represented by SEQ ID No:2, or preferably has an 
nucleotide sequence, having a homology usually of 85% or 
more, especially 90% or more with these regions. The total 
nucleotide number is usually about 963 to 1443, especially 
1053 to 1383. 

An index indicating which and how many bases in a 
polynucleotide (12) can be substituted, deleted or added 
without losing any biological functions of the protein 
encoded by the polynucleotide (11) is similar to that 
described above with regard to the first polynucleotide. 

There is no polynucleotide encoding a G protein a 
subunit having the nucleotide sequence of the nucleotide 
Nos.l to 378 in SEQ ID No : 2 or a sequence analogous thereto. 
<Inventive polynucleotide production method> 

Polynucleotides (7) to (12) can be obtained for 
example by a screening a human DNA library by a 
hybridization using as a probe an oligonucleotide (for 
example, an oligonucleotide of the invention described 
below) synthesized based on the nucleotide sequence 
represented by SEQ ID No: 2. They can be obtained also by a 
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PCR in a standard manner after preparing suitable primers 
(for example, oligonucleotides of the invention described 
below) based for example on the nucleotide sequence of SEQ 
ID No: 2 using as a PCR template a cDNA library for example 
of a human, rat and mouse. They can be obtained also by a 
chemical synthesis . 

As -a cDNA library, one derived from a brain, thymus, 
testes, spleen, small intestine, uterus and heart is 
preferred. 

A method for obtaining a polynucleotide (10) by 
introducing a variation into a polynucleotide (9) and a 
method for obtaining a polynucleotide (12) by introducing a 
variation into a polynucleotide (11) are as described above, 
Application of inventive polynucleotide> 

An inventive polynucleotide can be used preferably as 
a regulator of an intracellular signal transduction 
mediated by a GPCR stimulation. Typically, it can be used 
preferably for treating or preventing a disease caused by 
an abnormality in this intracellular signal transduction. 
It is useful especially in treating or preventing a disease 
associated with an intracellular signal • transduction 
relating to the defect, reduced expression level or reduced 
function of a protein of the invention. 

An inventive polynucleotide can be used preferably 
also in screening for a substance capable of regulating a 



signal transduction mediated by a GPCR and a G protein of 
the invention. 

<Inventive recombinant vector and transf ormant> 

An inventive recombinant vector is a vector 
containing an inventive polynucleotide (which herein is a 
DNA) . For example, it may be a vector capable of 
expressing a protein of the invention. 

A vector capable of expressing a protein of the 
invention can be produced by ligating an inventive 
polynucleotide to an expressible position downstream of a 
promoter of an expression vector in accordance with a 
standard method. 

An expression vector may be selected from known 
vectors ' capable of replicating in host cells as appropriate 
depending on the host cells. For example, a pBR322, pUC12, 
pUC119 and pBluescript can be exemplified when an. E.coli is 
employed as a host cell, while a pUBHO and pC194 are 
exemplified when a Bacillus organism is employed as a host 
cell. An Yip5 and Yep24 are exemplified when using an 
yeast as a host cell. An AcNPV is exemplified when using 
an insect cell as a host cell. A pUC18 and pUC19 are 
exemplified when using an animal cell as a host cell. 

A host cell may be any of those known in the art 
without limitation. Those which may be exemplified are 
bacteria such as an E.coli (for example, K12) and a 



Bacillus microorganism (for example, MI114), yeasts (for 
example, AH22) , insect cells (for example, Sf cell), animal 
cells (for example, COS-7 cell, Vero cell, CHO cell and the 
like) . 

A method for transforming a host cell with an 
inventive recombinant vector may be a known method selected 
suitably depending on the host cell. A known introduction 
method may for example be a calcium phosphate method, 
electroporation, lipofection, DEAE dextran method and the 
like. From transf ormants , an inventive transf ormant is 
selected for example by means of a drug resistance marker 
possessed by the vector as an index. 
<Inventive protein production method> , 

A method for producing a protein of the invention is 
a method in which an inventive transf ormant is cultured and 
an inventive protein is recovered from the resultant 
culture product . 

The conditions of culturing a transformant may be. 
selected appropriately depending on the type of the ' 
transformant.. 

When an inventive transformant is a microorganism, 
the culture is conducted in a liquid medium or plate medium 
employed usually for culturing a microorganism. The 
culture temperature may be within the range allowing a 
microorganism to be grown, for example from 15 to 40°C. 
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The culture medium pH may also be within the range allowing 
a microorganism to be grown, for example about pH6 to 8. 
The culture time period may vary depending on other 
culturing conditions, and may usually be 1 to 5 days, 
especially 1 to 2 days. When using an inducible expression 
vector such as those of the temperature shift type or IPTG 
inducible type, the induction time period may be within a 
day, especially within several hours. 

Also when an inventive transformant is a mammalian 
cell, it can be cultured under the condition suitable for 
said cell. For example, an FBS-supplemented DMEM medium 
(NISSUI) may be employed to conduct a culture in "the 
presence of 5% C0 2 at a temperature of 36 to 38°C with 
replacing the medium with a fresh one at an interval of 
several days. Upon confluent growth, the cells were 
combined with a trypsin PBS solution to disperse into 
individual cells and the resultant cell suspension was 
diluted by several times and inoculated onto a new petri 
dish, which is then subjected to a subculture. The culture 
time period is usually 2 to 5 days, especially 2 to 3 days. 

Also when an insect cell is employed as a 
transformant, the culture condition may be adjusted 
appropriately depending on the type of the cell. For 
example, an insect cell culture medium such as Grace's 
medium containing FBS and Yeastlate may be .employed to 
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conduct the culture at 25 to 35°C. The culture time period 
is 1 to 5 days, especially 2 to 3 days. When using as a 
vector an virus-containing transf ormant such as a 
Baculovirus, the culture is continued preferably until the 
time before the cell death as a result of the onset of the 
cytoplasmic effect (for example, 3 to 7 days, especially 4 
to 6 days) . 

After completion of the culture, the transf ormant 
cells were recovered by a centrif ugation, suspended in a 
suitable buffer if desired, and dispersed by means of a 
polytron, ultrasonic treatment, homogenizer and the like. 
The resultant dispersion is centrifuged at about 100 to 
150G for about 5 to 10 minutes, and the resultant . 
supernatant is centrifuged at about 18,000 to 20,000G for 
about 20 to 30 seconds to recover the pellet, whereby 
obtaining a cell membrane fraction . 

The cell membrane fraction thus obtained is subjected 
to a known protein purification method, such as any of 
chromatographic methods including ion exchange, hydrophobic 
gel filtration and affinity chromatographies, whereby 
purifying the protein according to the invention. 

An inventive protein can be expressed for example as 
being attached with a histidine tag, or as a glutathion S 
transferase fusion protein. The former case employs a 
metal chelate affinity column, while the latter case 
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employs a glutathion S transferase monoclonal antibody 
column, whereby accomplishing the purification of an 
inventive protein in a further convenient manner. 
<Inventive antisense polynucleotide> 
<Aspect> 

An inventive antisense polynucleotide is a 
polynucleotide (13) or (14) shown below. 

(13) A polynucleotide which inhibits expression of .a 
protein of the invention which consists of a nucleotide 
sequence complementary to at least 15 contiguous 
nucleotides in the nucleotide sequence represented by SEQ 
ID No: 2. 

(14) A polynucleotide which inhibits expression of a 
protein of the invention which hybridizes under an 
intracellular condition with a polynucleotide consisting of 
at least 15 contiguous nucleotides in the nucleotide 
sequence represented by SEQ ID No: 2. 

An antisense oligonucleotide of the invention 
hybridizes with a mRNA encoding an inventive protein to 
inhibit the translation from the mRNA to the protein or 
cleaves the mRNA, whereby inhibiting the expression of this 
protein . 

While the upper limit of the number of the 
nucleotides in an antisense polynucleotide is not limited 
particularly, it is usually about 60 nucleotides for the 
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purpose of achieving the objective. 

A polynucleotide (13) preferably has a nucleotide 
sequence complementary to at least 30 nucleotides, 
especially at least 50 nucleotides in the polynucleotide ' 
represented by SEQ ID No: 2. An antisense (14) is 
preferably one which hybridizes under an intracellular 
condition also with a polynucleotide consisting of at least 
30 nucleotides, especially at least 50 nucleotides in the 
polynucleotide represented by SEQ ID No : 2 . 

A polynucleotide which hybridizes under an 
intracellular condition in the invention may for example be 
a polynucleotide which hybridizes under a stringent 
condition described below. The stringent condition may for 
example be a condition involving 2 x SSC, 1 x Denhart's 
solution at about 60°C. 

A polynucleotide (13) preferably has a nucleotide 
sequence complementary to at least 15 contiguous 
nucleotides across the both of the region of the nucleotide 
Nos.l to 378 and the region of the nucleotide Nos.379 to 
1377 in SEQ ID No:2. 

Similarly, a polynucleotide (14) is preferably one 
which hybridizes under an intracellular condition with a 
polynucleotide consisting of at least 15 contiguous 
nucleotides across the both of the region of the nucleotide 
Nos.l to 378 and the region of the nucleotide Nos.379 to 
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1377 in SEQ ID No:2. 

"At least 15 contiguous nucleotides in the nucleotide 
sequence represented by SEQ ID No: 2" in polynucleotides 
(13) and (14) which is closer to the 5' terminal of SEQ ID 
N0:2 is more preferable. 

An antisense polynucleotide of the invention may be a 
single-stranded DNA, double-stranded DNA, single-stranded 
RNA, double-stranded RNA or DNA -RNA hybrid. When a double- 
stranded RNA is employed, it is generally called an RNAi . 
A derivative of such a nucleotide may also be employed" as 
long as it inhibits the expression of an inventive protein. 
A derivative may for example be a phosphorthioate DNA, H- 
phosphonate DNA and the like. 

Inhibition of an inventive protein expression by an 
inventive antisense polynucleotide can be verified for 
example by a method described below. A human brain-derived 
cell is combined with an antisense at about 5nM to 10 |iM if 
necessary together with a known intracellular introduction 
reagent such as a lipofection reagent, lipof ectamine 
reagent, liposome and the like. Then, from this cell a 
cell extract is prepared by a known method and an inventive 
antibody is used to measure expression level of the 
inventive protein by a known method such as an ELISA or 
western blotting. This expression level is compared with 
the level observed in the absence of the antisense. 
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An inventive antisense polynucleotide may for example 
be one which reduces the inventive protein expression level 
for example to 70% or less, preferably to 50% or less based 
on the level in the absence of the antisense polynucleotide. 

An inventive antisense polynucleotide can be produced 
by a known chemical synthesis method. 
<Application of antisense polynucleotide> 

An inventive antisense polynucleotide can be used 
preferably as a regulator of an intracellular signal 
transduction mediated by a GPCR stimulation. Typically, it 
can be used preferably for treating or preventing a disease 
caused by an abnormality in this intracellular signal 
transduction. It is useful preferably for the purpose 
especially of suppressing the increased abnormality in this 
intracellular signal transduction. 
<Ribozyme> 
<Aspect> 

An inventive ribozyme is a ribozyme (15) or (16) 
shown below. 

(15) A ribozyme having an ability of cleaving a 
polynucleotide of the invention which comprises two 
polynucleotide regions complementary to two regions 
respectively consisting of at least 9 contiguous 
nucleotides which are two regions in the nucleotide 
sequence represented by SEQ ID No: 2. 
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(16) A ribozyme . having an ability of cleaving a 
polynucleotide of the invention which comprises two 
polynucleotide regions which hybridizes under an 
intracellular condition with two regions respectively 
consisting of at least 9 contiguous nucleotides which are 
two regions in the nucleotide sequence represented by SEQ 
ID No:2. 

A ribozyme (15) preferably comprises two 
polynucleotide regions complementary to two regions 
respectively consisting of at least 10, especially 11 
contiguous nucleotides which are two regions- in the 
nucleotide sequence represented by SEQ ID No: 2. 

A ribozyme (16) preferably comprises two 
polynucleotide regions which hybridizes under an 
intracellular condition with two regions respectively 
consisting of at least 10, especially 11 contiguous 
nucleotides which are two regions in the nucleotide 
sequence represented by SEQ ID No: 2. 

In the ribozymes (15) and (16), the two regions in 
the nucleotide sequence represented by SEQ ID No: 2 may be 
adjacent to each other, or but may preferably be 
interrupted by about 1 to 4 nucleotides present between 
them. For example, a hammer-head ribozyme may contain a 
single interrupting nucleotide, while a hairpin ribozyme 
may contain 4 interrupting nucleotides . 
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A ribozyme is an RNA molecule containing an antisense 
sequence recognizing a specific site of an RNA, and has an 
RNA cleavage enzyme activity. As a result, the ribozyme 
recognizes its target RNA, and cleaves a certain site of 
the RNA specifically. 

An inventive ribozyme may be of a hammer-head or 
hairpin type. A hammer-head type usually recognize an NUX 
(N is G, U, C or A, while X is C, U or A) and cleaves a 
mRNA at the 3' -position of the X. 

A hammer-head ribozyme according to the invention may 
for example be a ribozyme comprising a nucleotide sequence 
listed below. 

A ribozyme comprising the nucleotide sequence: 
TCGCCTCCTTCTGATGAGGCCGAAAGGGCGAAACCGCCTCGCGC (SEQ ID No:3). 
The ribozyme having this nucleotide sequence once forms its ■ 
conformation and then recognizes the nucleotide sequence of 
the nucleotide Nos.273 to 295 in SEQ ID No:2. 
A ribozyme comprising the nucleotide sequence: 
CGGCCGCCCGCTGATGAGGCCGAAAGGCCGAAACTGGGGCCAGC (SEQ ID No: 4). 
The ribozyme having this nucleotide sequence once forms its 
conformation and then recognizes the nucleotide sequence of 
the nucleotide Nos.lll to 133 in SEQ ID No:2. 
A ribozyme comprising the nucleotide sequence: 
CAGCGGCCGCCTGATGAGGCCGAAAGGCCGAAACTGTAGCACA (SEQ ID No: 5). 
The ribozyme having this nucleotide sequence once forms its 
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conformation and then recognizes the nucleotide sequence of 
the nucleotide Nos.8 to 30 in SEQ ID No:2. 

A hairpin type ribozyme usually recognizes an 
NNNG/CN*GUCNNNNNNNN (N is G, U, C or A) , and cleaves a mRNA 
between N*G. 

A hairpin ribozyme according to the invention may for 
example be a ribozyme comprising a nucleotide sequence 
listed below. 

A ribozyme comprising the nucleotide sequence: 

TCGCCTCCTTAGAAGCCTACCAGAGAAACACACGTTGTGGTATATTACCTGGTA (SEQ 
ID No: 6). The ribozyme having this nucleotide sequence 
once forms its conformation and then recognizes the 
nucleotide sequence of the nucleotide Nos.287 to 295 in SEQ 
ID No:2. 

A ribozyme comprising the nucleotide sequence: 
CGG'CCGCCCGAGAAGGGGACCAGAGAAACACACGTTGTGGTATATTACCTGGTA ( SEQ 
ID No: 7). The ribozyme having this nucleotide sequence 
once forms its conformation and then recognizes the 
nucleotide sequence of the nucleotide Nos.116 to 133 in SEQ 
ID No: 2. 

A ribozyme comprising the nucleotide sequence: 
CAGCGGCCGCAAGAAGTAGACCAGAGAAACACACGTTGTGGTATATTACCTGGTA 
(SEQ ID No: 8). The ribozyme having this nucleotide 
sequence once forms its conformation and then recognizes 
the nucleotide sequence of the nucleotide Nos.12 to- 30 in 



SEQ ID No:2. 

While an inventive ribozyme usually consists of an 
RNA, a one which includes a deoxyribonucleotide or a 
derivative such as a phosphor thioate DNA which is difficult 
to be decomposed in vivo are also included in the inventive 
ribozyme . 

An inventive ribozyme can be produced by a known 
chemical synthesis method, in vitro or in vivo 
transcription and the like. Typically, an in vitro 
transcription involves the ligation of a DNA having a 
sequence complementary to the sequence of SEQ ID No: 3, 4, 5, 
6, 7 or 8 to the downstream of the DNA encoding a promoter 
such as T7, T3 or SP6. Using this DNA as a template, a 
transcription reaction by an RNA polymerase is conducted. 
The resultant transcription product can be used as an RNA 
for the ribozyme. 

An in vivo transcription involves the integration of 
a DNA having a sequence complementary to the sequence of 
SEQ ID No: 3, 4, 5, 6, 7 or 8 into an mammalian expression 
vector followed by the transduction of this expression 
vector into a mammalian cell. As a result of the cellular 
transcription mechanism, an RNA having the sequence of SEQ 
ID No:3, 4, 5, 6, 7 or 8 is synthesized . 
<Application of ribozyme> 

An inventive ribozyme can be used preferably as a 
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regulator of an intracellular signal transduction mediated 
by a GPCR stimulation. Typically, it can be used 
preferably for treating or preventing -a disease caused by 
an abnormality in this intracellular signal transduction. 
It is useful preferably for the purpose especially of 
suppressing the increased abnormality in this intracellular 
signal transduction. 
<Inventive antibody> 
<Aspect> 

,An inventive antibody is an antibody which recognizes 
an inventive protein specifically. The inventive antibody 
may be a polyclonal antibody or monoclonal antibody. The 
inventive antibody includes an antibody having an antigen 
binding ability toward a polypeptide consisting of 5 
contiguous amino acids, preferably 10 amino acids in the 
amino acid sequence constituting an inventive protein. in 
addition, a derivative of such an antibody (chimera 
antibody and the like) or a one labeled with an enzyme such 
as a peroxidase are also included in the inventive antibody 
<Method for producing inventive antibody> 

Any of the antibodies . described above can be produced 
in accordance with a known " production method (for example, 
Current protocols in Molecular Biology edit. Ausubel et al. 
(1987) Publish. John Wiley and Sons. Section 11.12-11.13). 

Typically, when an inventive antibody is a polyclonal 
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antibody, it can be obtained by immunizing a non-human 
animal such as a rodent animal with an inventive protein 
followed by the isolation from the serum of this immunized 
animal in accordance with a standard method. When an 
inventive antibody is a monoclonal antibody, it can be 
obtained from a hybridoma produced by immunizing a non- 
human animal such as a mouse with a polypeptide having an 
inventive protein or its partial sequence followed by 
fusing the spleen cell of this immunized animal with a 
myeloma cell (Current protocols in Molecular Biology edit. 
Ausubel et al. (1987) Publish. John Wiley and Sons. Section 
11.4-11.11) . 

<Application of antibody> 

An inventive antibody can be used preferably as a 
regulator of an intracellular signal transduction mediated 
by a GPCR stimulation. Typically, it can be used 
preferably for treating or preventing a disease caused by 
an abnormality in this intracellular signal transduction. 
It is useful preferably for the purpose especially of 
suppressing the increased abnormality in this intracellular 
signal transduction . 

An inventive antibody can preferably be used also in 
the affinity chromatography for purifying an inventive 
protein as well as in the screening for a substance which 
may affect the expression of an inventive protein. 



< Inventive oligonucleotide> 

An inventive oligonucleotide is an oligonucleotide 
(17) or (18) shown below. 

(17) An oligonucleotide capable of recognizing a 
polynucleotide represented by SEQ ID NO: 2 specifically 
which consists of at least 17 contiguous nucleotides in the 
nucleotide sequence represented by SEQ ID No: 2. 

(18) An oligonucleotide capable of recognizing a 
polynucleotide represented by SEQ ID N0:2 specifically, 
which has a homology of 80% or more with at least 17 
contiguous nucleotides in the nucleotide sequence 
represented by SEQ ID No: 2. 

The length of each of the oligonucleotides (17) and . 
(18) can be selected appropriately depending on the use. 
It may be the full length of SEQ ID No: 2. . 

An oligonucleotide (18) preferably has a homology of 
85% or more, especially 90% or more with an oligonucleotide 
(17) . 

The expression "recognize specif ically" in 
conjunction with oligonucleotides (17) and (18) means that 
each oligonucleotide can be employed to detect the 
nucleotide sequence represented by SEQ ID No: 2 specifically 
or selectively by a known nucleotide sequencing means such 
as a northern blotting or PCR. 

An inventive oligonucleotide can be used as a probe 
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or primer which can detect or amplify an RNA generated as a 
result of the expression. of an inventive DNA or a 
polynucleotide derived therefrom in a specific manner. 
Typically, it can be used as a probe or primer in a known 
method for detecting a certain nucleotide sequence, such as 
a Northern blotting, in situ hybridization or PCR. 

As a result, the absence or presence of the 
expression of, or the expression level of an inventive 
polynucleotide can be assessed. Accordingly, an. inventive 
oligonucleotide can preferably used for diagnosing a 
disease caused by a signal transduction abnormality 
resulting from the defect of and the abnormal increase or 
decrease in the expression level of the inventive protein. 
A test sample may be a total RNA prepared by a standard 
method from a sample taken from a tissue of a subject such 
as an uterus or any of various polynucleotides prepared 
from such an RNA. 

An inventive oligonucleotide may for example be ones 
having the nucleotide sequences of 
5' -ATGGGTCTGTGCTACAGTCTGCGG (SEQ ID No: 9) and 
5' -ACGATGGTGCTTTTCCCAGACTCACCAGCCCCGAGCA (SEQ ID No: 10). 
This oligonucleotide set can preferably used as PCR primers 
for amplifying a protein of the invention. 
<Inventive screening method> 

A polynucleotide of the invention can be used for 
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screening for a substance which activates or inhibits (or 
suppress) the cellular signal transduction mediated by a 
GCPR and an inventive protein. 

A GPCR stimulating signal is transmitted to an 
effector via the activation of a G protein as a result of 
the GDP/GTP exchange reaction on a G protein a subunit. 
Accordingly, by using the change in the activity of this 
effector as an index in screening test substances, a 
substance capable of activating or inhibiting the signal 
transduction mediated by. a GPCR and a G protein a subunit 
can be identified. In addition, also by using the change 
in the level of the binding of a GTP to a membrane fraction 
of 'a cell expressing a G protein as an index in screening 
test substances, a substance capable of activating- or 
inhibiting the signal transduction mediated by a GPCR and a 
G protein a subunit can be identified. 

Otherwise, by screening test substances which alter 
the level of the expression of an inventive protein, a 
substance capable of activating or inhibiting the signal 
transduction mediated by a GPCR and a G protein a subunit 
can be identified. 
<First method> 

A method for screening for a substance capable of 
regulating a signal transduction mediated by a GPCR and ah 
inventive protein comprising: 
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(a) a step for bringing a test substance into contact with 
a test cell having a recombinant vector containing an 
inventive polynucleotide (which herein is a DNA encoding an 
inventive protein) and a recombinant vector containing a 
DNA encoding a GPCR; 

(b) a step for measuring the G protein effector activity or 
the index value correlating therewith in the test cell 
(hereinafter abbreviated as "effector activity") ; and 

(c) a step for comparing this effector activity with the 
effector activity in the test cell which has not been 
brought into contact with the test substance, whereby 
selecting a test substance capable of altering the effector 
activity -in the test cell. 

In the first method, an agonist of GPCR can be 
selected. 

A cell in which a recombinant vector having a DNA 
encoding an inventive protein and a recombinant vector 
having a DNA encoding a GPCR are contained may for example 
be but not limited to a mammalian cell or insect cell. A 
mammalian cell may be any known cell such as a Vero cell, 
Hela cell, CV1 cell, C0S1 cell, CHO cell and the like, 
which may be employed without limitation. An insect cell 
may be any known cell such as a Sf cell, MG1 cell, High 
Five™ cell, and the like, which may be employed without 
limitation. The type of the vector is not limited 
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particularly/ and any known vector may be selected 
depending on the type of the cell. 

A DNA encoding a GPCR can.be obtained by a method for 
screening a human cDNA library using a probe designed based 
on the nucleotide sequences described in a GPCR database 
( www. cmbi. kun.nl/7tm/) , by a method for conducting a PCR 
using as a template a human cDNA library together with the 
primers designed based on the nucleotide sequences 
described above, or by a chemical synthesis method and the 
like. 

An effector of a G protein may be an effector which 
is a target of a G protein a subunit or may be an effector 
which is a target of a G protein (5y subunit. It is also 
possible to measure an index value correlating with the 
effector activity of a G protein. 

An effector which is targeted by a G protein a 
subunit may for example be an adenylate cyclase, Ca 2+ 
channel, K + channel, phospholipase Cp and the like. The 
adenylate cyclase activity be assessed by measuring the 
intracellular cAMP level. The Ca 2+ channel activity can be 
assessed by measuring the cell membrane electric potential. 
The K + channel activity can be assessed by measuring the 
cell membrane electric potential. The phospholipase CP 
activity can be assessed by measuring the Ca 2+ level. 

An effector which is targeted by a G protein py 
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subunit may for example be an adenylate cyclase, Ca 2+ 
channel, K + channel, phospholipase Cp, phosphatidyl 
inositol 3-kinase (3 or y and the like. The phosphatidyl 
inositol 3-kinase (3 or y activity can be assessed by 
measuring the Ca 2+ level. 

An effector to be examined for its activity is 
preferably an effector targeted by a G protein a subunit, 
with an adenylate cyclase being more preferred. The 
intracellular cAMP level which reflects the adenylate 
cyclase activity can be measured by a known method such as 
an RIA employing an anti-cAMP antibody obtained by 
immunizing a mouse, rat, rabbit, goat, cattle and the like 
together with a 125 I-labeled cAMP, other EIA employing a 
•combination of an anti-cAMP antibody and a labeled cAMP, a 
SPA method employing a scintillant obtained by immobilizing 
an -anti-cAMP antibody using a protein A or an antibody 
against an animal IgG used for producing an anti-cAMP 
antibody together with a 125 I-labeled cAMP, an EFC method 
employing a combination of an anti-cAMP antibody, enzyme 
donor-binding cAMP and enzyme blank acceptor, and the like. 
Any of these measurements can be accomplished using a 
commercial kit. 

An intracellular cAMP level can be assessed also by a 
method in which, for example, a CRE (cAMP response element, 
which reacts with a cAMP) -containing DNA is inserted into 
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the upstream of the reporter gene of a reporter gene vector 
to form a CRE-reporter gene vector, and this vector is also 
introduced into a test cell and then the reporter gene 
expression level is measured. In a cell into which a CRE- 
reporter gene vector has been introduced, a stimulation 
accompanied with an elevation in the cAMP level induces a 
reporter gene expression mediated by the CRE and the 
subsequent reporter protein production. On the contrary, a 
reduction in the cAMP level leads to a reduction in the. 
CRE-mediated reporter protein production.. By using a CRE 
reporter gene vector, the cAMP level can be measured 
conveniently at a high sensitivity. 

As a reporter gene, any of known genes can be 
employed without limitation, including a luciferase gene, 
secretor alkaline phosphatase (SEAP) gene, chloramphenicol 

acetyltransf erase (CAT) gene, p-galactosidase gene and the 
like. Any of these genes can be examined for its 
expression level using a commercial measurement kit 
described below. The luciferase gene expression level can 
be measured by adding a luminescent substrate luciferrin 
(manufactured for example by TOYO INK) to a cell solution 
followed by measuring the luminescence resulting from the 
decomposition of the substrate using a luminometer, liquid 
scintillation counter or top counter. Expression level of 
the alkaline phosphatase gene can be determined for example 



by using L|iMi-Phos530 (WAKO PURE CHEMICAL). Expression 
level of the chloramphenicol .'acetyltransf erase gene can be 
determined using a FAST CAT Chloramphenicol 
Acetyltransferase Assay Kit (WAKO PURE CHEMICAL) . 
Expression level of the p-galactosidase gene can be 
determined using an AURORA Gal-XE (WAKO PURE CHEMICAL) . 

In the case for example where a luciferase gene is 
employed, a CRE-contalning DNA is inserted into a multiple 
cloning site in the upstream of a luciferase gene such as a 
PICK-A-GENE Basic Vector or a PICK-A-GENE Enhancer vector 
(TOYO INK), and the like, which is then used as a CRE 
reporter gene vector. 

. The type of a test substance is not limited 
particularly. Those which may be exemplified are proteins, 
peptides, non-peptide compounds (nucleotides, amines, 
saccharides, lipids and the like) , organic low molecular 
compounds, inorganic low molecular compounds, fermentation 
products, cell extracts, plant extracts, animal tissue 
extracts and the like. 

The contact of a cell with a test substance may be 
effected under a condition avoiding the cell death and 
allowing an inventive protein and a GPCR to be expressed 
from an introduced vector (temperature, pH, medium 
composition) . The concentration of a test substance upon 
contact with a cell may for example be about 0.001 to 10 |J.M, 
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although it may vary depending on the type of the substance 
A test substance which increase the effector activity 
of a test cell brought into contact with the test substance 
for example by about 25%, preferably about 50%, more 
preferably about 100%, when compared with the effector 
activity in the test' cell which was not brought into 
contact with the test substance, can be selected as a GPCR 
agonist. 
<Second method> 

A method for screening for a substance capable of 
regulating a signal transduction mediated by a GPCR and an 
inventive protein comprising: 

(a) a step for bringing a test substance into contact with 
a test cell having a recombinant vector containing an 
inventive polynucleotide (which herein is a DNA encoding an 
inventive protein) and a recombinant vector containing a 
DNA encoding a GPCR; 

(b) a step for measuring the G protein effector activity in 
the test cell; and 

(c) a step for comparing this effector activity with the 
effector activity when the said test substance has been 
brought into contact with a control cell having no 
recombinant vector containing a DNA encoding an inventive 
protein but having a recombinant vector containing a DNA 
encoding a GPCR, whereby selecting a test substance causing 
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a difference in the effector activity between the test cell 
and the control cell. 

In the second method, a test substance which gives 
the effector activity of a test cell having an inventive 
protein expression vector which is higher than the effector 
activity in a control cell having no such a vector may be 
searched for. As a result, a substance which activates any 
stage of the signal transduction mediated by a GPCR and the 
inventive protein can be selected as a candidate compound. 

A test substance which increase the effector activity 
of a test cell for example by about 20%, preferably about 
50%, more preferably about 100%, when compared with a 
control cell can be selected as a signal transduction 
activator. 

Otherwise, the aspect is similar to that in of the 
first method discussed above. 
<Third method> 

A method for screening for a substance capable of 
regulating a signal transduction mediated by a GPCR and an 
inventive protein comprising: 

(a) a step for bringing a test substance into contact with 
a test cell having a recombinant vector containing an 
inventive polynucleotide (which herein is a DNA encoding an 
inventive protein) and a recombinant vector containing a 
DNA encoding a GPCR; 
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(b) - a step for measuring the G protein effector activity in 
the test cell; and 

(c) a step for comparing this effector activity with the 
effector activity when the said test substance has been 
brought into contact with a control cell having no 
recombinant vector containing a DNA encoding a GPCR but 
having a recombinant vector having a DNA encoding an 
inventive protein, whereby selecting a test substance 
causing a difference in the effector activity between the 
test cell -and the control cell. 

In the third .method, a test substance which gives the 
effector activity of a test cell having a' GPCR expression 
vector which is higher than the effector activity in a 
control cell having no GPCR expression vector may be 
searched for. As a result, a GPCR agonist can be selected 
as a candidate substance. 

A test substance which increase the effector activity 
of a testcell for example by about 20%, preferably about 
50%, more preferably about 100%, when compared with a 
control cell can be selected as a signal transduction 
activator. 

Otherwise, the aspect is similar to that in of the 
first method discussed above. 
<Fourth method> 

A method for screening for a substance capable of 
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regulating a signal. transduction mediated by a GPCR and an 
inventive protein comprising: 

(a) a step for bringing a test substance and a GPCR ligand 
into contact with a test cell having a recombinant vector 
containing an inventive polynucleotide (which herein is a 
DNA encoding an inventive protein) and a recombinant vector 
containing a DNA encoding a GPCR protein; 

(b) a step for measuring the G protein effector activity in 
the test cell; and 

(c) a step for comparing this effector activity with the 
effector activity in the test cell which has not been 
brought into contact with the test substance but has been 
brought into contact with the ligand, whereby selecting a 
test substance capable of altering the effector activity 
in the test cell. 

In the fourth method, a test substance which gives 
increased or reduced effector activity in the control cell 
which has not been brought into contact with the test 
substances when compared with the effector activity in the 
test cell which has been brought into contact with the test 
substances may be searched for. As a result, a substance 
which activates or inhibits any stage of the signal 
transduction initiated from the binding of a GPCR ligand to 
a GPCR can be selected, including . a GPCR agonist or 
antagonist. 
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A GPCR ligand may for example be amine molecules. It 
is preferable especially to use dopamine. The ratio 
between a ligand to be brought into contact with a cell and 
a test substance, when represented as the molar ratio of 
ligand: test substance, may for example be about 1:0.1 to 
1:100, preferably about 1:1 to 1:50. 

The percentage effector activity in a test cell which 
has been brought into contact with the both of a GPCR 
ligand and a test substance is calculated, on the bases of 
the effector activity in the test cell which has been 
brought into contact only with the GPCR ligand being 
regarded as 100% and the effector activity in the test cell 
which has been brought into contact with none of the GPCR 
ligand or the test substance as 0%. A test substance which 
gives a % effector activity in a test cell which has been 
brought into contact with the both of a GPCR ligand and the 
test substance of 85% or less, preferably 70% or less, 
especially 50% or less can be selected as a candidate of 
the cellular signal transduction inhibitor or suppressor. 
On the other hand, a test substance which raises this 
percentage to 125% or more, preferably 150% or more, 
especially 200% or more can be selected as a candidate of 
the cellular signal transduction activator. 

Otherwise, the aspect is similar to that in of the 
first method discussed above. 
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<Fifth method> 

A method for screening for a substance capable of 
regulating a signal transduction mediated by a GPCR and an 
inventive protein comprising: 

(a) a step for bringing a test substance and a GPCR ligand 
into contact with a test cell having a recombinant vector 
containing an inventive polynucleotide (which herein is a 
DNA encoding an inventive protein) and a recombinant vector 
containing a DNA encoding a GPCR protein; 

(b) a step for measuring the G protein effector activity in 
the test cell; 

(c) a step for comparing this effector activity with the 
effector activity in the test cell which has not been 
brought into contact with the test substance but has been 
brought into contact with the ligand, whereby investigating 
the change in the effector activity in the test cell; and 

(d) a step for comparing the rate of change in this 
effector activity with the rate of change in the effector 
activity when the said test substance and said ligand has 
been brought into contact with a control cell having no 
recombinant vector containing a DNA encoding a GPCR but 
having a recombinant vector containing a DNA encoding an 
inventive protein, whereby selecting a test "substance 
causing a difference in the rate of change in the effector 
activity between the test cell and the control cell. 



In the fifth method, a test substance which gives an 
elevated rate of change in the effector activity in a test 
cell having a recombinant vector containing a DNA encoding 
a GPCR protein when compared with the rate of change in the 
effector activity in a control cell having no such a vector 
may be searched for.. As a result, a substance which serves 
as an antagonist against an exogenous GPCR can be selected. 
While in the fourth method described above an antagonist 
against an endogenous GPCR is also selected, by subjecting 
the substances obtained by the fourth method to a screening 
by the fifth method, a substance serving as an antagonist 
against the endogenous GPCR can selectively be eliminated. 

A test substance which increase the rate of change in 
the effector activity of a test cell for example by about 
15%, preferably about 30%, more preferably about 50%, when 
compared with a control cell can be selected as a candidate 
of an exogenous GPCR-directed antagonist. 

Otherwise, the aspect is similar to that in of the 
first method discussed above. 
<Sixth method> 

A method for screening for a substance capable of 
regulating a signal transduction mediated by a GPCR and an 
inventive protein comprising: 

(a) a step for bringing a test substance into contact with 
a cell membrane fraction of a cell having a recombinant 



vector containing an inventive polynucleotide (which herein 
is a DNA encoding an inventive protein) and a cell membrane 
fraction of a cell having a recombinant vector containing a 
DNA encoding a GPCR, or 

a cell membrane fraction of a cell having the recombinant 
vector containing a polynucleotide encoding an inventive 
protein (which herein is a DNA encoding an inventive 
protein) and the recombinant vector containing the DNA 
encoding the GPCR; 

(b) a step for assaying the level of the binding of GTP to 
the cell membrane fraction; and 

(c) a step for comparing the assayed level of this GTP 
binding with the assayed level of the GTP binding to the 
cell membrane fraction which has not been brought into 
contact with the test substance, whereby selecting a test 
substance capable of altering the assayed level of the GTP 
binding to the cell membrane fraction. 

When a cell expressing a GPCR and a G protein is 
stimulated by. a GPCR ligand, then a GTP is bound to a G 
protein a subunit. This phenomenon is observed also in a 
membrane fraction of a cell which expresses a GPCR and a G 
protein. Accordingly, in the sixth method, a substance 
which increases the level of the binding of a GTP to this 
cell membrane fraction can be selected as a GPCR agonist. 

Usually, a GTP bound to a G protein a subunit is 



decomposed into a GDP. Accordingly, a GTP analogue which 
is capable of binding to an inventive protein but is not 
decomposed by a GTPase is used to measure the level of the 
binding of this GTP analogue to an inventive protein, 
whereby assaying the level of the binding of the GTP to the 
inventive protein. Such a GTP analogue may for example be 
a GTPyS, G PP NH P and the like. 

For measuring the level of the binding of a GTP 
analogue to a cell membrane fraction, the GTP analogue is 
labeled for example with a radiolabel, and then the labeled 
GTP analogue is added to the cell membrane fraction and 
incubated for a certain period, and then the radioactivity 
in the cell membrane fraction is measured by a 
scintillation counter and the like. 

The methods for preparing and characterizing a cell 
membrane fraction are as described above. 

A test substance which increases a level of the 
binding of a GTP to a cell membrane fraction in a test cell 
which has been brought into contact with a test substance 
for example by about 25%, preferably about 50%, more 
preferably about 100%, when compared with a test cell which 
has not been brought into contact with a test substance can 
be selected as a candidate GPCR agonist. 

Otherwise, the aspect is similar to that in of the 
first method discussed above. 



<Seventh method> 

A method for screening for a substance capable of 
regulating a signal transduction mediated by a GPCR and an 
inventive protein comprising: 

(a) a step for bringing a test substance and a GPCR ligand 
into contact with 

a cell membrane fraction of a cell having a recombinant 
vector containing an inventive polynucleotide (which herein 
is a DNA encoding an inventive protein) and a cell membrane 
fraction of a cell having a recombinant vector containing a 
DNA encoding a' GPCR, or 

a cell membrane fraction of a cell having the recombinant 
vector containing a polynucleotide encoding an inventive 
protein (which herein is a DNA encoding an inventive 
protein) and the recombinant vector containing the DNA 
encoding the GPCR; 

(b) a step for assaying the level of the binding of GTP to 
this cell membrane fraction; and 1 

(c) a step for comparing the assayed level of this GTP 
binding with the assayed level of the GTP binding in the 
cell membrane fraction which has not been brought into 
contact with the test substance but has been brought into 
contact with said ligand, whereby selecting a test 
substance capable of altering the assayed level of the GTP 
binding to the cell membrane fraction. 
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In the seventh method, a substance which activates or 
inhibits (or suppresses) any stage (through the time of the 
binding of a GTP to a G protein a subunit) in a cellular 
signal transduction can be searched for, including GPCR 
receptor agonist and antagonist. 

The percentage radioactivity in a membrane fraction 
which has been brought into contact with the both of a GPCR 
ligand and a test substance is calculated, on the bases of 
the radioactivity in the membrane fraction which has been 
brought into contact only with the GPCR ligand being 
regarded as 100% and the radioactivity in the membrane 
fraction which has been brought into contact with none of 
the GPCR ligand or the test substance as 0%. A test 
substance which gives a % radioactivity when brought into 
contact with the both of a GPCR ligand and the test 
substance of 75% or less, preferably 50% or less, 
especially 25% or less can be selected as a candidate of 
the cellular signal transduction inhibitor or suppressor. 
On the other hand, a test substance which raises the 
percentage radioactivity when brought into contact with the 
both of a GPCR ligand and, the test substance to 125% or 
more, preferably 150% or more, especially 200% or more can 
be selected as a candidate of the cellular signal 
transduction activator . 

Otherwise, the aspect is similar to that in of the 
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sixth method discussed above. A ligand which can be 
employed and the ratio between the ligand and a test 
substance are similar to those in the fourth method. 
<Eighth method> 

A method for screening for a substance capable of 
regulating a signal transduction mediated by a GPCR and an 
inventive protein comprising: 

(a) , a step for bringing a test substance into contact with 
a test cell capable of expressing a protein of the 
invention; 

(b) a step for measuring the expression level of the 
protein of the invention in the test cell; and 

(c) a step for comparing this expression level with the 
expression level of said protein in the test cell which has 
not been brought into contact with the test substance, 
whereby selecting a test substance capable of altering the 
expression level of said protein in the test cell. 

In this method, a substance which activates or 
inhibits a signal transduction mediated by an inventive 
protein by increasing or reducing the expression of the 
inventive protein can be selected. 

The expression level of an inventive protein can be 
determined by measuring the level of the corresponding mRNA 
The level of this mRNA can be determined by a known method 
such as a Northern blotting using an inventive probe 



described above or a PCR using inventive primers described 
above. 

Specifically, a Northern blotting can be conducted in 
such a manner that an RNA is prepared from a test cell by a 
standard method, transferred onto a nylon membrane and the 
like, hybridized with a probe labeled for example with a 
radioisotope or fluorescent substance, and then a double 
strand of the probe with the RNA is detected by a method 
suitable for the label. A PCR can be conducted in such a 
manner that a cDNA is prepared from a mRNA of a test cell 
and used as a template to perform a PCR by a standard 
method using an inventive oligonucleotide set as primers. 

The expression level of an inventive protein can be 
determined by quantifying the protein directly. The level 
of this protein can be determined by a known method such as 
a Western blotting using an inventive antibody. 

As a cell expressing an inventive protein, a 
mammalian cell, preferably a human cell is employed. It is 
preferred particularly to use a cell derived from 
a human brain, thymus, testes, spleen, small intestine, 
uterus and heart. 
<Inventive screening kit> 

A first inventive kit for screening for a substance 
capable of regulating a signal transduction' mediated by a 
GPCR and a protein according to the invention comprises a 
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test cell having a recombinant vector containing an 
inventive polynucleotide (which herein is a DNA) and a 
reagent for measuring the G protein effector activity. 

This kit can be used in the first inventive screening 
method described above. A test cell and the reagents for 
measuring a G protein effector activity are as described 
above. For performing the first screening method using 
this kit, the test cell is transduced with a recombinant 
vector having a DNA encoding a GPCR independently. 
Alternatively, the test cell may be one having a GPCR 
expression vector in addition to a recombinant vector 
having an inventive polynucleotide. 

Furthermore, the first inventive screening kit may 
contain a control cell which does not have a recombinant 
vector having an inventive polynucleotide, (which herein is 
a DNA) but has a control cell having a recombinant vector 
having a DNA encoding a GPCR. In such a case, it can be 
used in the second inventive screening method. 

Moreover, the first inventive screening kit may 
contain a control cell which does not have a recombinant 
vector having a DNA encoding a GPCR but has an inventive 
polynucleotide (which herein is a DNA) . In such a case, it 
can be used in the third inventive screening method. 

The first inventive screening kit may further contain- 
a GPCR ligand. In such a case, it can be used in the 
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fourth ' inventive screening method. A ligand is employed 
also as described above. 

The first inventive screening kit may further contain 
a GPCR ligand and a control cell having no recombinant 
vector having a DNA encoding a GPCR 'but having a 
recombinant vector having an inventive polynucleotide 
(which herein is a DNA) . In such a case, it can be used in 
the fifth inventive screening method. 

The- second inventive kit for screening for a 
substance capable of regulating a signal transduction 
mediated by a GPCR and a protein according to the invention 
comprises a cell having a recombinant vector containing an 
inventive polynucleotide (which herein is a DNA) ; and a GTP 
analogue which, can bind to the protein of the invention but 
can not be cleaved by a GTPase. This kit can be employed 
in the sixth inventive screening method. A GTP analogue is 
employed also as described above. 

For performing the sixth screening method using this 
kit, a cell is transduced with a recombinant vector having 
a DNA encoding a GPCR independently. Alternatively, such a 
cell may be one having a GPCR expression vector in addition 
to a recombinant vector having an inventive DNA. 

The third inventive kit for screening for a substance 
capable of regulating a signal transduction mediated by a 
GPCR and a protein according to the invention comprises a 
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cell having a recombinant vector containing an inventive 
polynucleotide (which herein is a DNA) and a GPCR 
expression vector; and a GTP analogue which can bind to the 
protein of the invention but can not be cleaved by a GTPase. 
This kit can be employed in the sixth inventive screening 
method. 

Each of the. second and third screening kits according 
to the . invention may further contain a GPCR ligand. In 
such a case, it can used in the 7th inventive screening 
method. 

The fourth inventive kit for screening for a 
substance capable of regulating a signal transduction 
mediated by a GPCR and a protein according to the invention 
comprises a cell capable of expressing a protein of the 
invention; as well as an. inventive probe, inventive primers 
or inventive antibody. This kit can be used in the 8th 
inventive screening method. 
< Pharmaceuticals > 

A protein and an antibody according to the invention 
can be used as pharmaceuticals by being administered in an 
effective amount to a mammal such as a human in the forms 
described below. 

A protein and an antibody according to the invention 
can be formulated into pharmaceutical composition in a 
mixture with inactive carriers, such as pharmaceutically 
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acceptable carriers (including excipient, extender, binder, 
lubricant and the like) as well as customary additives. 
Such a pharmaceutical composition may be given orally or 
parenterally depending on the dosage form (oral formulation 
such as tablet, pill, capsule, powder, granule, syrup and 
the like; parenteral formulation such as injection 
formulation, drip infusion formulation, dermal formulation, 
suppository and the like) . The dose may vary depending on 
the type of the active ingredient, administration route, 
subject and the age, body weight and conditions of the 
patient, and may be about 0.01 to 100 mg a day, which can 
be given all at once or in several portions. 

A polynucleotide, antisense polynucleotide and 
ribozyme of the invention can be administered in an 
effective amount to a mammal such as a human as 
pharmaceuticals in the forms of the pharmaceutical 
compositions described above. Otherwise, they can be 
introduced into a cell of a subject utilizing a liposome 
delivery system employing a liposome in which a drug to be 
delivered is encapsulated, a microinjection method, a 
direct injection method, an gene gun and the like. Also in 
such cases, the dose and the administration mode can be 
selected appropriately by those skilled in the art, 
although it may vary depending . on the age, body weight and 
conditions of the patient. 
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An inventive polynucleotide can be introduced into a 
target cell also by integrating into a virus vector for a 
gene therapy. 

A substance capable of regulating a signal 
transduction obtained by an inventive screening method can 
be administered in an effective amount to a mammal such as 
a human in the forms of the pharmaceutical compositions 
described above. When this substance is one encoded by a 
DNA, it can be introduced into a target cell also by 
integrating into a virus vector for a gene therapy. 

EFFECT OF THE INVENTION 

According to the invention, a protein which can be 
regarded as a novel G protein involved in a cellular signal 
transduction and a polynucleotide encoding the same are 
provided. 

Moreover, an inventive protein can be regarded as a 
protein involved in a signal transduction mediated by a 
GPCR and a G protein involved in the differentiation and 
the proliferation of a cell, since the G protein effector 
activity in a cell having vectors expressing the GPCR and 
the inventive protein respectively is higher than the 
relevant effector activity in a cell having no vector 
expressing the inventive protein. 

Furthermore, an inventive protein is considered to be 
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one of G .proteins-, since it has regions having a high 
homology with the amino acid sequence conserved as a GTP 
binding site and a GTPase activation site among G proteins 
and the amino acid sequence of a trimer forming domain 
conserved among G proteins. 

Accordingly, an inventive protein and a 
polynucleotide encoding the same can preferably be employed 
as a regulator of an intracellular signal transduction 
mediated by a GPCR and the inventive protein. Moreover, it 
is useful in treating or preventing a disease caused by the 
abnormality in this cellular signal transduction. 
Specifically, it can preferably be employed for treating or 
preventing a disease caused by an intracellular signal 
transduction due to the defect, reduced expression level or 
reduced function of a protein of the invention. 

Moreover, an inventive polynucleotide can preferably 
used in the screening- for a substance capable of regulating 
a signal transduction mediated by a GPCR stimulation. 

Inventive antibody, antisense and ribozyme are 
employed preferably as regulators of an intracellular 
signal transduction mediated by a GPCR and an inventive 
protein. In addition, they can be used preferably in 
treating or preventing a disease caused by an abnormality 
in this intracellular signal transduction. They are useful 
preferably for the purpose especially of suppressing the 
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increased abnormality in this intracellular signal 
transduction. 

Furthermore, an antibody of the invention can 
preferably be used also in the affinity chromatography for 
purifying an inventive protein as "well as in the screening 
for a substance which may affect the expression of an 
inventive protein. 

A substance obtained by a screening method of the 
invention can be used as a regulator of a signal 
transduction mediated by a GPCR and an inventive protein. 
In addition, it can be used preferably in treating or 
preventing a disease caused by an abnormality in this 
intracellular signal transduction. 

An inventive oligonucleotide can preferably be used 
in diagnosing of a disease caused by an intracellular 
signal transduction due to the defect of, and abnormally 
increased or reduced expression level of a protein of the 
invention. 

Since an inventive protein is found to be expressed 
in the tissue of a brain such as a cerebrum, the inventive 
protein, polynucleotide, antibody, antisense, ribozyme and 
a substance obtained by an inventive screening method are 
considered to be useful in preventing or treating a 
neuropathy, and the like. An inventive oligonucleotide is 
also considered to be useful in diagnosing a neuropathy. 
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Also since an inventive protein is found to be 
expressed in a heart, the inventive protein, polynucleotide, 
antibody, antisense, ribozyme and a substance obtained by 
an inventive screening method are considered to be useful 
in preventing or treating a cardiac disease and the like 
(Targets, 2002, vol.1, p206-213) . 

Also since an inventive protein is found to be 
expressed in a thymus and a spleen, the inventive protein, 
polynucleotide, antibody, antisense, ribozyme and a 
substance obtained by an inventive screening method are 
considered to be useful in preventing or treating an immune 
disease and the like. 

EXAMPLES 

The present invention is further described in the 
following Examples, which are not intended to restrict the 
invention . 

In the following Examples, an inventive protein is 
sometimes abbreviated as "Gml" . 

(Example 1) Cloning of cDNA encoding human Gml protein 

A pCR-Gml which is a plasmid comprising a DNA 
encoding a full-length human Gml was prepared as described 
below. 

20 ng of a plasmid DNA from a human brain-derived cDNA 
library (Takara) (pAP3neo) was employed as a template 
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together with 10 \xM of a forward primer: prGmlATG ( 5' - 
ATGGGTCTGTGCTACAGTCTGCGG; SEQ ID No: 11) and 10 fiM of a 
reverse primer prGNAL3' (5' -TCACAAGAGCTCATACTGCTT ; SEQ ID 
No: 12) as well as TAKARA LA Taq polymerase ( TAKARA LA Taq 
with GC Buffer, Takara) to perform a PCR to obtain an 
amplified DNA. 

The PCR condition involved 35 cycles, each cycle 
involving incubations at 95°C for 30 seconds followed by 
60°C for 30 seconds followed by 72°C for 2 minutes. 

The resultant DNA was subjected to an agarose gel 
electrophoresis followed by a purification with a QIAquick 
Gel Extraction kit (QIAGEN) , and then recovered. This 
purified and recovered DNA was used as an insert DNA. 

Subsequently, a TOPO TA Cloning Kit ( Invitorogen) was 
used and the attached protocol was followed to insert the 
insert DNA ( 50ng) into a cloning site of a pCR2.1-TOPO 
vector (lOng), whereby obtaining a pCR-Gml. 

The DNA thus obtained was subjected to an ABI377 DNA 
sequencer to determine the nucleotide sequence, and was 
revealed to contain the nucleotide sequence of the 
nucleotide Nos. 1-1377 in the nucleotide sequence 
represented by SEQ ID NO: 2 and to encode the full-length 
amino acid sequence represented by SEQ ID NO:l. 

(Example 2) Detection of expression profile of nucleic acid 
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encoding Gml 

In order to amplify a nucleic acid encoding Gml 
specifically, a forward primer prGmlrt-5' 

(5' -ATGGGGTGTTTGGGCGGCAACA; SEQ ID No : 13) and a reverse 
primer prGmlrt-3' ( 5 ' -ACGATGGTGCTTTTCCCAGACTCACCAGCCCCGAGCA; 
SEQ ID. No: 14) were produced. Each 1 |ag of human bone 
marrow-derived total RNA (Ambion) , human brain-derived 
total RNA (Ambion), human spreen-derived total RNA (Ambion), 
human thymus-derived total RNA (Ambion) , human small 
intestine-derived total RNA (Ambion) , human liver-derived 
total RNA (Ambion) , human placenta-derived total RNA 

(Ambion) , human cervix-derived total RNA (Ambion) , human 
uterus-derived total RNA (Ambion) , human heart-derived 
to.tal RNA (Ambion) , human skeletal muscle-derived total RNA 

(Ambion) , human testis-derived total RNA (Ambion) and human 
kidney-derived total RNA (Ambion) were employed as 
templates together with each 10 fiM of the primer set 
described above and a Superscript One-Step RT-PCR System 

(Invitrogen) and the attached protocol was followed to 
conduct a RT-PCR to amplify a mRNA. The condition of the 
RT-PCR involved an incubation at 55°C for 30 minutes for a 
reverse transcription reaction, followed by 35 cycles, each 
cycle involving incubations at 94°C for 20 seconds followed 
by 60°C for 30 seconds followed by 72°C - for 1 minute. 

Then, 20 jil of the RT-PCR product was subjected to an 
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agarose gel electrophoresis, stained with ethidium bromide, 
and irradiated with UV to identify the signals amplified 
specifically. The gel photograph is shown in Figure 1. As 
evident from Figure 1, Gml is expressed highly in brain, 
thymus, testis, spleen, small intestine, uterus and heart. 

(Example 3) In situ hybridization in brain tissue (Detailed 
analysis of expression profile of nucleic acid encoding 
inventive protein in brain tissue) 

The expression profile of a nucleic acid encoding the 
inventive protein in brain tissue was investigated by the 
following method. 

For conducting an in situ hybridization in a mouse 
brain tissue, the following procedure was employed to clone 
a cDNA in the 5' terminal region of a mouse Gml gene. 

20 ng of a mouse brain-derived cDNA (Clontech) was 
employed as a template together with 10 jiM of a forward 
primer prmGml-1 (5' -ATGGGCCTATGCTACAGCCTGCGGCCGCT; SEQ ID 
No:15) .and 10 jxM of a reverse primer prmGml-2 
( 5 ' -GCTGCAGGTCCCGCTTCTGCTCGCGCAGCATGCGGT ; SEQ ID No: 16) as 
well as TAKARA LA Taq polymerase (TAKARA LA Taq with GC 
Buffer, Takara) to perform a PCR to obtain an amplified DNA. f 

The PCR condition involved 35 cycles, each cycle 
involving incubations at 95°C for 30 seconds followed by 
60°C for 30 seconds followed by 72°C for 2 minutes. The 
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resultant DNA was subjected to an agarose gel 
electrophoresis followed by a purification with a QIAquick 
Gel Extraction kit (QIAGEN) , and then recovered. This 
purified and recovered DNA was used as an insert DNA. 

Then, a QIAGEN PCR Cloning kit (QIAGEN) was used 
following to its attached protocol to insert the insert DNA 
(50ng) into a cloning site of a pDrive vector .(lQng), 
whereby producing a pDrmGml . 

Similarly, a QIAGEN PGR Cloning kit (QIAGEN) was used 
following to its attached protocol to insert the insert DNA 
(50ng) to a cloning site of a pDrive vector (lOng) , whereby 
obtaining a pDrmGolf. . 
(Production of probe for in situ hybridization) 

1 jig of a pDrmGml plasmid was cleaved with a 
restriction .enzyme Hindi 1 1 or BamHI to obtain a linear 
plasmid pDrmGml/Hindlll and pDrmGml /BamHI Q L \xq of a 
pDrmGml /Hindlll, 2 jil of a DlGRNALabelingMix (Roche, 
Diagnostic) and 1 |il of a SP6RNA polymerase (Roche, 
Diagnostic) were mixed and incubated at 37°C for 3 hours in 
the presence of the attached buffer. Then, 1 )il of a 
DNasel (Roche, Diagnostic) was added and the mixture was 
incubated at 37°C for 30 minutes to obtain a cRNA. This 
cRNA was precipitated with ethanol, suspended in 20 (il of a 
TE buffer, and used as an mGml sense cRNA. 

Similarly, 1 ^g of a pDrmGml /BamHI , 2 [il of a 
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DIGRNALabelingMix (Roche, Diagnostic) and 1 jul of SP6RNA 
polymerase (Roche, Diagnostic) were mixed, and incubated at 
37°C for 3 hours in the presence of the attached buffer. 
Then, .1 fil of a Dnasel (Roche, Diagnostic) was added and 
incubated at 37°C for 30 minutes to obtain a cRNA. This 
CRN A was precipitated with ethanol, suspended in a 20 [il of 
TE buffer, and used as an mGml antisense cRNA. 

(Detection by in situ hybridization) 

A detailed analysis of the expression . prof ile of mRNA 
of the Gml in a brain is conducted by an in situ 
hybridization using a labeled cRNA [Simmons et al., 
J.Histotechnol . 12 : 169-181 (1989) ] . . Thus, from a mouse 
brain fixed using paraformaldehyde and glutaraldehyde by a 
known method, a brain section whose thickness is 50 jam is 
prepared using a brain section producing device (sliding 
microtome), and then - adsorbed on a glass slide and dried. 
The brain section is made free from the paraffin, 
autoclaved in a target solution (Daco) (105°C, 10 minutes), 
dehydrated, and dried in the air- The hybridization with a 
probe (lOOng cRNA) is conducted in a hybridization buffer 

(40% formamide , 4xSSC, ImMEDTA, 250 |ig/ml yeast tRNA, 
lxDenhardt's solution, 10% dextran sulfate) at 60°C 
overnight. Thereafter, the brain section is washed at 65°C 
with 2xSSC, 0.1% SDS solution, treated with an RNaseA (10 
|ng/ml, 37°C, 30 minutes), washed with 2xSSC, 50% formamide 
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solution, dehydrated, dried in the air, and subjected to a 
mRNA detection using a DIG labeled antibody detection kit 
(Daco) . 

(Example 4) Construction of expression plasmid for 
expression of human Gml protein in E.coli 

In order to express a large amount of a human Gml 
protein in E.coli, a human Gml protein is first expressed 
as a fusion protein with a glutathion S transferase, and 
then only the part of the human Gml protein is cut out from 
the fusion protein. 

Thus, the human Gml cDNA fragment-containing plasmid 
pCR-Gml obtained in Example 1 is double-digested with EcoRV 
and Spel, and imparted with a blunt end with a Blunting Kit 

(Takara) . The resultant DNA is subjected to an agarose gel 
electrophoresis and then purified using a QIAquick Gel 
Extraction Kit (QIAGEN) and then recovered. The recovered 
DNA is used as an insert DNA. The pGEX^5X-l which had been 
cleaved with EcoRV and then BAP-treated is employed as a 
vector, and 50 ng of this vector and 10 ng of the insert 
DNA are ligated using a T4 ligase, whereby producing an 
expression plasmid pGEX-Gml. 

(Example 5) Purification of recombinant human Gml protein 
from E.coli expressing glutathion S transferase - human Gml 
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fusion protein- 

The glutathion S transferase -human Gml fusion 
protein-expressing plasmid pGEX-Gml obtained in Example 4 
is used to transform an E.coli (Escherichia coli) JM109 
strain by a calcium method. The resultant transformant is 
cultured in a 50 |ag/ml ampicillin (Sigma) -supplemented LB 
medium at 37°C, and, once the O.D. 60 o becomes about 0.6 
reached, 1 mM (final concentration) of isopropyl-p-D- 
thiogalactopyranoside (IPTG) is added to induce the protein 
expression, and incubated for further 6 hours, prior to the 
recovery of the cells. 

The cells are disrupted with .ultrasonic treatment, 
centrifuged at 10,000g for 5 minutes to obtain a soluble 
fraction. The resultant soluble fraction is applied onto 
an anti-glutathion S transferase monoclonal antibody column 
(Amersham Bioscience) to purify a glutathion S transferase 
- human Gml fusion protein. Then, the purified glutathion 
S transferase - human Gml fusion protein is treated with an 
active blood coagulation factor X (New England Biolabo) to 
cut a human Gml protein out. 

The human Gml protein thus cut out is subjected 
sequentially to a cation exchange column (S-sepharose FF; 
Pharmacia), hydrophobic column ( Phenyl-superose; Pharmacia), 
hydroxyapatite column (MITSUI TOATSU CHEMICALS), cation 
exchange column (MONOS; Pharmacia) to purify the human Gml 
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protein until it shows an almost single band in an SDS-PAGE 
analysis with Coomassie brilliant blue staining. 

(Example 6) Production of human Gml protein partial peptide 
and production of anti-human Gml peptide antibody using 
this peptide 

An antibody specific to a human Gml protein was 
prepared by the procedure shown below. A peptide 
consisting of 14 amino, acids of the amino acid Nos.7 to 20 
in the amino acid sequence represented by SEQ ID No:l was 
synthesized . 

This peptide was bound to a carrier protein KML and 
used as an immunogen . The resultant KML fusion peptide 
ptGml was used to immunize a New Zealand white rabbit to 
produce an anti-human Gml peptide serum. The immunization 
was repeated 5 times. From this rabbit, an antiserum was 
collected, and the antiserum was purified using a protein G 
column (Amersham Bioscience) to isolate an antigen-specific 
anti-human Gml protein antibody. 

(Example 7) Construction of expression vector for 
expression of human Gml protein in animal cell 

An expression vector for transient expression of a 
human Gml protein in an animal cell is constructed. Thus, 
first, the human Gml cDNA fragment-containing pCR-Gml. 



obtained in Example 1 is double-digested with restriction 
enzymes Xbal and Kpnl, and the resultant DNA fragment is 
introduced into a pcDNA3 . 1 at Xbal site and Kpnl site 
whereby obtaining. an expression vector pcDNA-Gml for a 
transient expression of human Gml protein in an animal cell. 

(Example 8) Construction of expression vectors for 
expression of human dopamine receptor proteins in animal 
cell 

Expression vectors for transient expression in an 
animal cell of a human dopamine Dl receptor protein and a 
human dopamine D2 receptor protein respectively were 
constructed by the following procedure. 

In order to amplify a DNA encoding a human dopamine 
Dl receptor, 20 ng of a plasmid DNA from a human brain- 
derived cDNA library (Takara) (pAP3neo) was employed as a 

template together with 10 |uM of a forward primer 
prDopaminDl-5' (5' -agctcggatccATGAGGACTCTGAACACCTCTGCCA; 

(SEQ ID N0:17) and 10 jiM of a reverse primer prDopaminDl-3' 
(5' -gtgcagaattcTCATCTGCGAGTTCAGGTTGGGT ; SEQ ID No: 18) as 
well as a TAKARA LA Taq polymerase (TAKARA LA Taq with GC 
Buffer, Takara) to perform a PCR. 

In order to amplify a DNA encoding a human dopamine 
-D2 receptor, 20 ng of a plasmid DNA from a human brain- 
derived cDNA library (Takara) (pAPSneo) was used as a 
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template together with 10 |iM of a forward primer 
prDopaminD2-5' 

(5' -agctcggatccATGGATCCACTGAATCTGTCCTGGTATGA; SEQ ID No: 19). 

and 10 \xM of a reverse primer prDopaminD2-3' 
( 5 ' -gtgcagaat t cTCAGCAGTGAAGGATCTTCTGGAAGGCCTT ; SEQ ID 
No: 20) as well as a TAKARA LA Taq polymerase (TAKARA LA Taq 
with GC Buffer, Takara) to perform a PCR. 

The PCR condition involved 35 cycles, each cycle 
involving incubations at 95°C for 30 seconds followed by 
60°C for 30 seconds followed by 72°C for 2 minutes. The 
resultant DNA was subjected to an agarose gel 
electrophoresis followed by a purification with a QIAquick 
Gel Extraction kit (QIAGEN) , and then recovered. This 
purified and recovered DNA was used as an insert DNA. 

Each insert DNA was double-digested with BamHI and 
EcoRI, introduced into a pcDNA3 . 1 (+) at BamHI and EcoRI 
sites, whereby obtaining animal cell expression vectors 
pcDNA-DIR and pcDNA-D2R. 

(Example 9) Construction of Baculovirus vector encoding 
human Gml protein 

First, a transfer vector for overexpressing a human 
Gml protein in an insect cell was constructed. The human 
Gml cDNA fragment-containing pCR~Gml obtained in Example 1 
was double-digested with restriction enzyme Xbal and Spel, 
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and the resultant DNA fragment was introduced into a pAcMP2 
(Pharmingen) at Xbal site to obtain a transfer vector 
pAcMP-Gml . Then 5 jig of this transfer vector and 1 jag of a 
Baculovirus DNA, BaculoGold DNA (Pharmingen) were 
cotransf ected to 2 x 10 6 cells of Sf21, which were cultured 
at 27°C for 5 days, and then the culture supernatant was 
recovered to obtain a virus solution.' 

(Example 10) Construction of Baculovirus vector encoding 
human Gp protein 

A transfer vector for overexpressing a human GP 
protein in an insect cell was constructed by the procedure 
described below. 

In order to amplify a DNA encoding human Gp protein, 
20 ng of a plasmid DNA from a human brain-derived cDNA 
library (Takara) .(pAP3neo) was employed as a template 
together with 10 \xM of a forward primer prGbl-5' 
( 5' -ATGAGTGAGCTTGACCAGTTACGGCA; SEQ ID No:21), 10 |iM of a 
reverse primer prGbl-3' ( 5 ' -TTAGTTCCAGATCTTGAGGAAGCTAT ; SEQ 
ID No: 22) as well as a TAKARA LA Taq polymerase (TAKARA LA 
Taq with GC Buffer, Takara) to perform a PCR. The PCR 
condition involved 35 cycles, each cycle involving 
incubations at 95°C for 30 seconds followed by 60°C for 30 
seconds followed by 72°C for 2 minutes. The resultant DNA 
was subjected to an agarose gel electrophoresis followed by 
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a purification with a QIAquick Gel Extraction kit (QIAGEN) , 
and then recovered. This purified and recovered DNA was- 
used as an insert DNA . Then, a TOPO TA Cloning Kit 
( Invitorogen) was used in accordance with its attached 
protocol to insert the resultant insert DNA (50ng) into a 
pCR2.1-T0PO vector (lOng) at a cloning site whereby 
obtaining a pCR-Gp. 

Then, the pCR-Gp was double-digested with restriction 
enzyme BamHI and Not I, and the resultant DNA fragment was 
introduced into a pAcMP3 (Pharmingen) at BamHI and Not I 
sites, whereby obtaining a transfer vector animal cell 
expression vector pAcMP-Gp. 

Then, 5 \ig of this transfer vector and 1 fig of a 
Baculovirus DNA, BaculoGold DNA (Pharmingen) were 
cotransfected to 2 x 10 6 cells of Sf21 cell, which are 
cultured at 27 \i for 5 days, and then the culture 
supernatant was recovered to obtain a virus solution. 

(Example 11) Construction of Baculovirus vector encoding 
human Gy protein 

A transfer vector for overexpressing a human Gy 
protein in an animal cell was constructed by the procedure 
described below. 

In order to amplify a DNA encoding human Gy protein, 
2 0 ng of a plasmid DNA from a human brain-derived cDNA 
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library (Takara) (pAP3neo) was employed as a template 
together with 10 [iM of a forward primer prGg3-5' 

( 5' -ATGAAAGGTGAGACCCCGGTGAACA; SEQ ID No : 23 ) , 10 |iM a 
reverse primer prGg3-3' ( 5 ' -TCAGAGGAGAGCACAGAAGAACTT ; SEQ 
ID No: 24) as well as a TAKARA LA Taq polymerase (TAKARA LA 
Taq with GC Buffer, Takara) to perform a PCR. The PCR 
condition involved 35 cycles, each cycle involving 
incubations at 95°C for 30 seconds followed by 60°C for 30 
seconds followed by 72°C for 2 minutes. The resultant DNA 
was subjected to an agarose gel electrophoresis followed by 
a purification with a QIAquiek Gel Extraction kit (QIAGEN) , 
and then recovered. This purified and recovered DNA was 
used as an insert DNA. Then, a TOPO TA Cloning Kit 

( Invitorogen) was used in accordance with its attached 
protocol to insert each resultant insert DNA (50ng) into a 
pCR2.1-TOPO vector (lOng) at a cloning site whereby 
obtaining a pCR-Gy. 

Then, the pCR-Gy was double-digested with restriction 
enzyme Xbal and PstI, and the resultant DNA fragment was 
introduced into a pAcMP3 (Pharmingen) at Xba'I and PstI . 
sites, whereby obtaining a transfer vector pAcMP-Gy. 
Then, 5 fig of this transfer vector and 1 fig of a 
Baculovirus DNA, BaculoGold DNA (Pharmingen) were 
cotransf ected to 2 x 10 6 cells of Sf21 cell, which are 
cultured at 27°C for 5 days, and then the culture 
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supernatant was recovered to obtain a virus solution. 

(Example 12) Construction of Baculovirus vectors encoding 
human dopamine Dl receptor and human dopamine D2 receptor 

Transfer vectors for overexpressing a human dopamine 
Dl receptor protein and a human dopamine D2 receptor 
protein respectively in an insect cell were constructed by 
the procedure described below. 

The human dopamine Dl receptor expression vector 
pcDNA-DIR and the human dopamine D2 receptor expression 
vector pcDNA-D2R obtained in Example 8 were each double- 
digested with BamHI and EcoRI, and the resultant DNA 
fragments are each introduced into a pAcMP3 at BamHI and 
EcoRI sites, whereby obtaining transfer vectors pAcMP-DIR 
and pAcMP-D2R. 

Then, each 5 jag of the' either transfer vectors and 1 j^g of 
a Baculovirus DNA, BaculoGold DNA (Pharmingen) were 
cotransf ected to 2 x 10 6 cells of Sf21 cell, which are 
cultured at 27 fx for 5 days, and then the culture 
supernatants were recovered to obtain virus solutions. 

(Example 13) High expression of human Gml protein using 
Baculovirus vector and purification of the protein 

A virus solution containing human Gml protein 
expression Baculovirus obtained in Example 9 was infected 
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at M0I5 to 2 x 10 7 cells of SF21 cell, which were cultured 
at 27°C. Five days after the infection, the cells were 
recovered and suspended in an HE/PI buffer (20mM HEPSE, 2mM 
EDTA supplemented with lXprotenase inhibitor cocktail 
(NACALAITESQUE) . The cell suspension was passed through a 
26G needle 15 times to disrupt the cell membrane. The 
suspension was then centrifuged at 4°C and lOOxg for 5 
minutes, and the supernatant obtained was centrifuged at 
4°C and 20,000xg for 30 minutes, whereby recovering a human 
Gml protein-containing cell membrane fraction. 

(Example 14) High expression of human Gp protein and human 
Gy protein using Baculovirus vector and purification of the 
proteins 

A virus solution containing human GP protein 
expression Baculovirus obtained in Example 10 and human Gy 
protein expression Baculovirus obtained in Example 11 was 
infected at MOI5 to 2 x 10 7 cells of SF21 cell, which were 
cultured at 27°C. Five days after the infection, the cells 
were recovered and suspended in an HE/PI buffer (20mM HEPSE, 
2mlM EDTA supplemented with lXProtenase inhibitor cocktail 
(NACALAITESQUE) . The cell suspension was passed through a 
26G needle -15 times to .disrupt the cell membrane. The cell 
suspension was then centrifuged at 4°C and HOxg for 5 
minutes, and the supernatant obtained was centrifuged at 
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4°C and ■ 20, OOOxg for 30 minutes, whereby recovering a cell 
membrane fraction containing the .human protein and the 
human Gy protein. 

(Example 15) High expression of human dopamine Dl receptor 
protein and human dopamine D2 receptor Gy protein using 
Baculovirus vector and purification of the proteins 

A virus solution containing either human dopamine Dl 
receptor protein expression Baculovirus or human dopamine 
D2 receptor protein expression Baculovirus obtained in 
Example 12 was infected at M0I5 to 2 x 10 7 cells of SF21 
cell, which were cultured at 27°C. Five days after the 
infection, the cells were recovered and suspended in an 
HE/PI buffer (20mM HEPSE, 2mM EDTA supplemented with 
IXProtenase inhibitor cocktail (NACALAITESQUE) . The cell 
suspensions were passed through a 26G needle 15 times to 
disrupt the cell membrane. This cell suspensions were then 
centrifuged at 4°C and HOxg for 5 minutes, and the 
supernatants obtained were centrifuged at 4°C and 20, OOOxg 
for 30 minutes, whereby recovering a cell membrane fraction 
containing the human dopamine Dl receptor protein or the 
human dopamine D2 receptor protein. 

(Example 16) GTP binding assay using human Gml protein 
expressed by Baculovirus vector 
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The Gml protein-containing membrane fraction purified 
in Example 13 is employed to conduct a GTP binding assay. 

The cell membrane fraction containing 2 \xq of the Gml 
protein prepared in Example 13, the cell membrane fraction 
containing 2 jixg of the Gp protein and the Gy protein 
prepared in Example 14 and the cell membrane fraction 
containing 2 jag of the dopamine Dl receptor protein 
prepared in Example 15 are suspended in 55 jul of a binding 
buffer (59mM Tris, 4 . 8mM MgCl 2 , 2mM EDTA, lOOmM NaCl, ljiM 
GDP) . One jliM of dopamine is added and the mixture is 
incubated at 30°C for 10 minutes. Thereafter, 200 pM of 
[35S]GTPyS is added and the mixture is incubated at 30°C 
for 30 minutes. 

Then 1.5 ml of a washing buffer (ice-cooled 50mM Tris, 
5mM MgCl 2 , 150mM NaCl , 0 . 1%BSA, 0.05%CHAPS (pH7.4)) is 
added and the mixture is filtered through a glass fiber 
filter paper GF/F. Then this filter paper is washed three 
times with 1 ml of Tris (pH7.4), incubated at 65°C for 30 
minutes, subjected to a liquid scintillation counter to 
measure the radioactivity of the [35S.]GTPyS which is bound 
to the membrane fraction depositing on the filter paper. 

(Example 17) Screening for dopamine Dl receptor antagonist 
using change in cAMP level as index 

2 x 10 5 Cells of CHO cell were transfected with 1 jig 
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of the dopamine Dl receptor expression vector obtained in 
Example 8 and the Gml expression vector obtained in Example 
7 (peDNA-Gml; 3 jag) by a lipofection method to prepare a 
test cell. 

Then, the cells were inoculated to each well of a 96- 
well plate at 3 x 10 4 cells/well, and cultured. for about 24 

hours. Then, the culture medium was removed, and 80 jal of 
ImM IBMX-supplemented OPTI-MEN^ (Invitrogen) was added to 

the cells, which were then incubated at 37°C for 10 minutes. 

Then, 10 \xM of dopamine as a GPCR ligand and 10 jaM of 
each test substance (butaclamol, chlorpromazine, 
f luphenazine, haloperidol, SCH-23390) were added and 
incubated at 37°C for 30 minutes. 

Then, the reaction buffer was removed, and the cAMP 
level was determined using a HitHunter ECF cyclic AMP 
chemiluminescent assay kit (Applied Biosystems) . As 
controls, a test cell which had been brought into contact 
only with the GPCR ligand at the same concentration and a 
test cell which had been brought into contact with nothing 
were examined for their cAMP levels in the similar manner. 

A substance which gave a cAMP level percentage of 85% 
or less upon contact with the ligand and the test substance 
was selected as a signal transduction inhibitor 
(antagonist) , on the basis of the cAMP level with no 
contact being 0% and the cAMP level with the contact only 
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with the ligand being 100% (Figure 2) . 



(Example 18) Screening of dopamine Dl receptor using, change 
in cAMP level as index 

2 x 10 5 Cells of CHO cell were transfected with the 
dopamine Dl receptor expression vector (1 jag) obtained in 
Example 8 and the Gml expression vector obtained in Example 
7 (pcDNA-Gml; 3 jag) by a lipofection method to prepare a 
test cell. 

Then, the cells were inoculated to each well of a 96- 
well plate at 3 x 10 4 cells/well, and cultured for about 24 
hours. Then, the culture medium was removed, and 80 \x 1 of 
ImM IBMX-supplemented OPTI-MEN (Invitrogen) was added to 
the cells, which were then incubated at 37°C for 10 minutes. 

Then, 10 jiM of dopamine as a GP.CR ligand or 10 \iM of 
a test substance (apomorphine, CY208-248, SKF-38393, SKF- 
81297) was added and incubated at 37°C for 30 minutes. 

Then, the reaction buffer was removed, and the cAMP 
level was determined using a HitHunter ECF cyclic AMP 
chemiluminescent assay kit* (Applied Biosystems) . As a 
control, a test cell which had been brought into contact 
with nothing were examined for their cAMP levels in the 
similar manner. 

A substance which gave a cAMP level percentage of 
125% or more upon contact of the test cell with the test 
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substance was selected as a signal transduction activator 
(agonist) , on the basis of the cAMP level when the test 
cell has not been brought into contact with anything being 
100% (Figure 3) . 

(Example 19) Screening using change in cAMP level as index 

1 x 10 6 Cells of CHO cell are transfected with the 
dopamine Dl receptor expression vector obtained in Example 
8 (100 ng) , CRE-reporter plasmid (pCRE-luc; 20ng; 
Stratagene) and the Gml expression vector obtained in 
Example 7 (pcDNA-Gml; 30 ng) by a lipofection method to 
prepare a test cell. 

Then the cells are inoculated to each well of a 24- 
well plate at 5 x 10 3 cells/well, and then cultured for 
about 48 hours. Then, the cells are washed with 0 . 2mM 
buffer (3-isobutyl-methylxanthine, 0.05% BSA, 20miyi HEPES- 
supplemented Hunk's buffer (pH7.4); hereinafter referred to 
as "reaction buffer") . Then the reaction buffer is added 
to the cells, which are incubated at 37°C for 30 minutes. 

Then, the reaction buffer is removed, and 0.25 ml of 
a fresh reaction buffer is added to the cells, and then 1 
nM dopamine as a GPCR ligand and 0.1 nM to. 10 nM test 
substance are added and the mixture is incubated at 37°C 
for 30 minutes. Then the cells are dissolved in a cell 
lysis solution (PICK-A-GENE luciferase kit, TOYO' INK) , and 
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combined with a luminescent substrate (PICK-A-GENE 
luciferase kit, TOYO INK) , and examined for the fluorescent 
intensity using a luminometer . As controls, a test cell 
which had been brought into contact only with the GPCR 
ligand at the same concentration and a test .cell which had 
been brought into contact with nothing are examined for 
their fluorescent intensities in the similar manner. 

A substance which gave a fluorescence intensity of 
percentage of 50% or less, or 150% or more upon contact 
with the ligand and the test substance is selected as a 
signal transduction regulating substance, on the basis of 
the fluorescent intensity with no contact being 0% and the 
fluorescent intensity with the contact only with the ligand 
being 100%. 

(Example 20) Construction of expression vector for 
expression of human adenosine A2a receptor protein in 
animal cell 

An expression vector for transient expression of a 
human adenosine A2a receptor protein in an animal cell was 
constructed by the procedure described below. 

In order to amplify a DNA encoding a human adenosine 
A2a receptor, 20 ng of a plasmid DNA from a human brain- 
derived cDNA library (Takara) (pAP3neo) was employed as a 
template together with 10 |iM of a forward primer 
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prAdenosineA2A-5' (5' -agctcggatccATGCCCATCATGGGCTCCTCGGTGTA; 
SEQ ID NO: 33) and 10 jiM of a reverse primer prAdenosineA2A- 
3 ' ( 5 ' -gt gcagaatt cTCAGGACACTCCTGCTCCATCCT ; SEQ ID No:34) as 
well as a TAKARA LA Taq polymerase (TAKARA LA Taq with GC 
Buffer, Takara) to perform a PCR. 

The PCR condition involved 35 cycles, each cycle 
involving incubations at 95°C for 30 seconds followed by 
60°C for 30 seconds followed by 72°C for 2 minutes. The 
resultant DNA .was subjected to an agarose gel 
electrophoresis followed by a purification with a QIAquick 
Gel Extraction kit (QIAGEN) , and then recovered- This 
purified and recovered DNA was used as an insert DNA. 

Each insert DNA was double-digested with BamHI and 
EcoRI, introduced into a pcDNA3.1(+) at BamHI and EcoRI 
sites, whereby obtaining an animal cell expression vector 
pcDNA-A2a. 

(Example 21) Screening of adenosine A2a receptor antagonist 
using change in cAMP level as index 

2 x 10 5 Cells of CHO cell were transfected with the 
adenosine A2a receptor expression vector (1 jag) obtained in 
Example 20 and the Gml expression vector obtained in 
Example 7 (pcDNA-Gml; 3 \iq) by a lipofection method to 
prepare a test cell. 

Then, the cells were inoculated to each well of a 96- 
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well plate at 3 x 10 4 cells/well, and cultured for about 24 
hours-. Then, the culture medium was removed, and 80 \xl of 
ImM IBMX-supplemented OPTI-MEN (Invitrogen) was added to 
the cells, which were then incubated at 37°C for 10 minutes. 

Then, 10 jllM of adenosine as a GPCR ligand and 10 |iM 
of a test substance (DMPX) were added and incubated at 37°G 
for 30 minutes. 

Then, the reaction buffer was removed, and the cAMP " 
level was determined using a HitHunter ECF cyclic AMP 
chemiluminescent assay kit (Applied Biosystems) . As 
controls, a test cell which had been brought into contact 
only with the GPCR ligand at the same concentration and a 
test cell which had been brought into contact with nothing 
were examined for their cAMP levels in the similar manner. 

A substance which gave a cAMP level percentage of 85% 
or less upon contact of the cell with the ligand and the 
test substance was selected as a signal transduction 
inhibitor (antagonist) , on the basis of the cAMP level with 
no contact being 0% and the cAMP level with the contact of 
the cell only with the ligand being 100% (Figure 4). 

(Example 22) Screening of adenosine A2a receptor agonist 
using change in cAMP level as index 

2 x 10 5 Cells of CHO cell were transfected with the 
adenosine A2a receptor expression vector (1 \xg) obtained in 



Example 20 and the Gml expression vector obtained in 
Example 7 (pcDNA-Gml; 3 jag) by a lipofection method to 
prepare a test cell. 

Then, the cells were inoculated to each well of a 96- 
well plate at 3 x 10 4 cells/well, and cultured for about 24 

hours. Then, the culture medium was removed, and 80 \xl of 
ImM IBMX-supplemented OPTI-MEN (Invitrogen) was added to 
the cells, which were then incubated at 37°C for 10 minutes. 

Then, 10 |iM of adenosine as a GPCR ligand or 10 jaM of 
a test substance (CGS-21680) was added and incubated at 
37°C for 30 minutes. 

Then, the reaction buffer was removed, and the cAMP 
level was determined using a HitHunter ECF cyclic AMP 
chemiluminescent assay kit (Applied Biosystems) . As a 
control, a test cell which had been brought into contact 
with nothing were examined for their cAMP levels in the 
similar manner. 

A substance which gave a cAMP level percentage of 
125% or more upon contact with the test substance was 
selected as a signal transduction activator (agonist), on 
the basis of the cAMP level when the test cell has not been 
brought into contact with anything being 100% (Figure 5) . 

(Example 23) Screening by GTP binding assay 

The cell membrane fraction containing 2 jig of the Gml 
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protein prepared in Example 13, the cell membrane fraction 

containing 2 |j,g of the G(3 protein and Gy protein prepared 
in Example 14 and the cell membrane fraction containing 2 
\xg of the dopamine pi receptor protein prepared in Example 
15 are suspended in 55 \il of a binding buffer (59mM Tris, 
4.8mM MgCl 2 , 2mM EDTA, lOOmM NaCl, 1 |iM GDP). 1 |iM of 
dopamine and 0.1 nM - 10 nM of a test substance (for 
example, 1 nM SCH-23390) are added and the mixture is 
incubated at 30°C for 10 minutes. Thereafter, 200 pM of 
[35S]GTPyS is added and the mixture is incubated at 30°C 
for 30 minutes. 

Then 1.5 ml of a washing buffer (ice-cooled 50mM Tris, 
5mM MgCl 2 , 150mM NaCl, 0.1%BSA, 0.05%CHAPS (pH7.4)) is 
added and the mixture is filtered through a glass fiber 
filter paper GF/F. Then this filter paper is washed three 
times with 1 ml of Tris (pH7.4), incubated at 65°C for 30 
minutes, subjected to a liquid scintillation counter to 
measure the radioactivity of the [35S]GTPyS which is bound 
to the membrane fraction depositing on the filter paper. 

A substance whose radioactivity percentage is 
calculated to be 50% or less, or 150% or more upon contact 
with the both of the ligand and the test substance is 
selected as a substance capable of regulating the signal 
transduction, on the basis of the radioactivity with the 
addition only of the ligand being 100% and the 
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radioactivity without the addition of the ligand or the 
test substance being 0%. 

(Example 24) Assay of activation of signal transduction 
pathway mediated by Gml using change in cAMP level as index 

2 x 10 5 Cells of CHO cell were transfected with the 
dopamine Dl receptor expression vector (1 fig) obtained in 
Example 8 and the Gml expression vector obtained in Example 

7 (pcDNA-Gml; 3 ]iq) by a lipofection method to prepare a 
test cell. 

Then, the cells were inoculated to each well of a 96- 
well plate at 3 x 10 4 cells/well, and cultured for about 24 
hours. Then, the culture medium was removed, and 80 jil of 
ImM IBMX-supplemented OPTI-MEN (Invitrogen) was added to 
the cells, which were then incubated. at 37°C for 10 minutes. 

Then, 10 \xM of dopamine as a GPCR ligand was added 
and incubated at 37°C for 30 minutes. 

Then, the reaction buffer was removed, and the cAMP 
level was determined using a HitHunter ECF cyclic AMP 
chemiluminescent assay kit (Applied Biosystems) . As a 
control, a test cell which had been brought into contact 
with nothing were examined for their cAMP levels in the 
similar manner. 

The cAMP level of the test cell expressing the Gml 
and the dopamine Dl receptor was determined on the basis of 
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the cAMP level upon no contact being regarded to be 0% 
while the cAMP level of the control cell expressing only 
the dopamine Dl receptor being regarded to be 100%, and was 
revealed to be 127%. Therefore, it was proven that the ' 
Gml -mediated signal transduction system do exist (Figure 6) . 

(Example 25) Assay of activation of signal transduction 
pathway mediated by Gml using change in cAMP level as index 

2 x 10 5 Cells of CHO cell were transfected with the 
adenosine A2a receptor expression vector (1 |j,g) obtained in 
Example 8 and the Gml expression vector obtained in Example 
7 (pcDNA-Gml; 3 |ig) by a lipofection method to prepare a 
test cell. 

Then, the cells were inoculated to each well of a 96- 
well plate at 3 x 10 4 cells/well, and cultured for about 24 
hours. Then, the culture medium was removed, and 80 jj,1 of 
lmM IBMX-supplemented OPTI-MEN (Invitrogen) was added to 
the cells, which were then incubated at 37°C for 10 minutes. 

Then, 10 \iM of adenosine as a GPCR ligand was added 
and incubated at 37°C for 30 minutes. 

Then, the reaction buffer was removed, and the cAMP 
level was determined using a HitHunter ECF cyclic AMP 
chemiluminescent assay kit (Applied Biosystems) . As a 
control, a test cell which had been brought into contact 
with nothing were examined for their cAMP levels in the 
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similar manner. 

The cAMP level when allowing the Gml and the 
adenosine A2a receptor to be expressed was determined on 
the basis of the cAMP level upon no contact being regarded 
to be 0% while the cAMP level of the cell allowed to 
express only the adenosine A2a receptor being regarded to 
be 100%, and was revealed to be 134%. Therefore, it was 
proven that the Gml-mediated signal transduction system do 
exist (Figure 7 ) . 

(Example 2 6) Cloning of mouse Gml protein-encoding cDNA 

A pDr-mGml which is a plasmid having a DNA encoding 
the full-length mouse Gml was produced as described below. 

2 0 ng of a mouse brain-derived cDNA library 
(Clontech) was employed as a template together with 10 jiM 
of a forward primer ( 5 ' -ATGGGCCTATGCTACAGCCTGCGGCCGCT ; SEQ 
ID No: 29) and 10 \iM of a reverse primer prmGmlSTOP 
( 5 ■ -TCACAAGAGTTCGTACTGCTTGAGATGCATTCT ; SEQ ID No: 30) as 
well as a TAKARA LA Taq polymerase (TAKARA LA Taq with GC 
Buffer, Takara) to conduct a PCR to obtain an amplified DNA. 

The PCR condition involved 35 cycles, each cycle 
involving incubations at 95°C for 30 seconds followed by 
60°C for 30 seconds followed by 72°C for 2 minutes. The 
resultant DNA was subjected to an agarose gel 
electrophoresis followed by a purification with a QIAquick 



Gel Extraction kit (QIAGEN) , and then recovered. This 
purified and recovered DNA was used as an insert DNA. 

Then, a QIAGEN PCR Cloning kit (QIAGEN) was used 
following to its attached protocol to insert the insert DNA 
(50 ng) into a cloning site of a pDrive vector (25 ng) , 
whereby producing a pDr-mGml . 

The DNA thus obtained was subjected to an ABI377DNA 
sequencer to determine the nucleotide sequence, which was 
revealed to contain the nucleotide Nos.l to 1347 in the 
nucleotide sequence represented by SEQ ID No: 27 and to 
encode the full-length amino acid sequence represented by 
SEQ ID No:25. 

(Example 27) Cloning of rat Gml protein-encoding cDNA 

A pDr-rGml which is a plasmid having a DNA encoding 
the full-length rat Gml was produced as described below. 

20 ng of a rat brain-derived cDNA library (Clontech) 
was employed as a template together with 10 \iM of a forward 
primer prrGmlATG ( 5 ' -ATGGGCCTGTGCTACAGCCTACGGCCGCTG ; SEQ ID 

No: 31) and 10 jaM of a reverse primer prrGml'STOP 
( 5 ' -TCACAAGAGTTCGTACTGCTTGAGGTGCATTCT ; SEQ ID No: 32) as 
well as a TAKARA LA Taq polymerase (TAKARA LA Taq with GC 
Buffer, Takara) to conduct a PCR to obtain an amplified DNA. 

The PCR condition involved 35 cycles, each cycle 
involving incubations at 95°C for 30 seconds followed by 
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60°C for 30 seconds followed by 72°C for 2 minutes. The 
resultant DNA was subjected to an agarose gel 
electrophoresis followed by a purification with a QIAquick 
Gel Extraction kit (QIAGEN), and then recovered. This 
purified and recovered DNA was used as an insert DNA. 

Then, a QIAGEN PCR Cloning kit (QIAGEN) was used 
following to its attached protocol to insert the insert DNA 
(50 ng) into a cloning site of a pDrive vector (25 ng) , 
whereby producing a pDr-rGml. 

The DNA thus obtained was subjected to an ABI377DNA 
sequencer to determine the nucleotide sequence, which was 
revealed to contain the nucleotide Nos . 1 to 1353 in the 
nucleotide sequence represented by SEQ ID No: 28 and to 
encode the full-length amino acid sequence represented by 
SEQ ID No:26. 

Free text in Sequence Listing 
SEQ ID No: 3 

an example of the ribozyme of the present invention 
SEQ ID No: 4 

an example of the ribozyme of the present invention 
SEQ ID No: 5 

an example of the ribozyme of the present invention 
SEQ ID No: 6 

an example of the ribozyme of the present invention 
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SEQ ID No: 7 

an example of the ribozyme of the present invention 
SEQ ID No: 8 

an example of the ribozyme of the present invention 
SEQ ID No: 9 

an example of the oligonucleotide of the present 
invention 
SEQ ID No: 10 

an example of the oligonucleotide of the present 
invention 
SEQ ID No: 11 

a primer used in an example of the present invention 
SEQ ID No: 12 

a primer used in an example of the present invention 
SEQ ID No: 13 

a primer used in an example of the present invention 
SEQ ID No: 14 

a primer used in an example of the present invention 
SEQ ID No: 15 

a primer used in an example of the present invention 
SEQ ID No: 16 

a primer used in an example of the present invention 
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SEQ ID No: 17 

a primer used in an example of the present invention 
SEQ ID No: 18 



a primer used in an example of the present invention 
SEQ ID No:19 

a primer used in an example of the present invention 
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